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| emperature Controllers 


AG, the pioneer and largest maker of industrial air-ops 
controllers, now presents an INDICATING Controller 


the same unique adjustable orifice and other internal construct 
























which has proven so successful in the TAG Recorder-Controller. 
UAL - IMORCATING s 

acne Some of the features which have made these TAG Controllers the 
of industry are 

1. New and improved Round 4. The famous TAG Pil 
Form Case Construction with out Valve 





; , an amazingly simple 
side, direct adjustment of setting : 
which for years has prove 
pointer. 

2. The exclusive TAG fully-com be the most effective mear 
pensated Mercury system, which operating a diaphragm valv« 

makes much wider range obtainable 

without sacrifice of accuracy, even 5. Competent engineering s« 
with tube lengths up to 150 feet. particularly in the select 

3. “Swing’’ Control, a most re 
markable TAG development per 
mitting adjustment t« 











the proper instrument an 
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suit each Of diaphragm valve best su 


individual condition. the conditions. x 
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Necessarily brief here, these features are 






described in detail in our Bulletins. 


Write for your copies today. 
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” PARK AND NOSTRAND AVE'S., BROOKLYN, N. Y. 
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SJ Let JEWELL Solve - - - 
Your Instrument Problems! 

























A 
era 4 
i 
4 
ict % wits worry about correct testing facilities for either production 
* installation or service testing? 
x Many of the most prominent radio manufacturers have formed the 
( 5 profitable habit of turning their special instrument problems over 
to Jewell, where they are solved better, quicker, and for less actual 
‘ cost by skilled instrument engineers. 
‘gl The Sound Picture Installation Analyzer illustrated is a typical 
a example of special instruments designed and built by Jewelltomeet 
* the exacting requirements of some of the foremost manufacturers 
ev i and users. 

P Hundreds of similar cases can be shown. It’s interesting to note 
ed that when a manufacturer once learns how economically and effec 
tively Jewell can solve such problems for him that he keeps coming 

ne you are confronted with a special instrument re- 
quirement, no matter how simple or how difficult, callin the near- 
est Jewell Representative and let him show you what we can do for 
PTV you. 
‘ JEWELL ELECTRICAL INSTRUMENT COMPANY 
n 1650 Walnut St., Chicago, Illinois, U.S. A. 

















Some details of this sound picture analyzer built by Jewell 


1 Provides filament, control grid, screen 4 Provides means for measuring photo 

grid, and plate readings. electric cell current and grid current 
on microammeter with ranges of 15 
and 150 microamperes. 






9 Provides complete tube test under op- 
erating conditions through change of . : y 
grid bias potential. Measures continuity and resistances. 

: » Provides means for phasing dynamic 

3 Provides output measurement for speakers. 

checking both volume and quality. 





on ow 


a (Used in conjunction with a record hay- jong ges make all ranges available 
a ing variable pitch, constant frequency or special testing. 
notes.) Operation is simple and rapid. 





| || JEwErL 


7 When writing to&the above company, please mention INSTRUMENTS 

















age 2 INSTRUMENTS 





August; 19 
















Since designing the first 
alternating current switch- 
board instruments in 1887, 
Westinghouse has given in- 
dustry fine instruments. 
The illuminated dial in- 
struments are another note- 
worthy contribution. 


New 


Illuminated dial instruments 


minimize glare . . save switchboard area 


ERE is a new type of instrument, 

which gives you easy readabil- 
ity and economizes switchboard 
area. 


They are especially designed for 
flush mounting on steel panels, and 
require no drilling plan, but only a 
hole to receive the body of the 
instrument. Groups of one to four 
may be had, arranged either verti- 
cally or horizontally. 


Flush mounting, illuminated dials, 
scientifically arranged scales and 
figures, and grouping, result in neat, 


modern and desirably compact 


instruments. 


Besides these distinct advantages, 
Westinghouse engineering and re- 
search have built into each of these 
instruments a sturdiness and simplic- 
ity that safeguard their accuracy 
against the effects of short circuits, 
overloads, vibrations and other 
disturbances. 

The instrument specialist in our 
district office near you will be glad 
to tell you about this newest instru- 
ment. 


Service, prompt and efficient, by a coast-to-coast chain of well-equipped shops 





Westinghouse 


T 31409-A 


Tune in the Westinghouse Salute over the N. B. C. Nation-wide Network Every Tues. Eve. 
When writing to the above company, please mention INSTRUMENTS 
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— Trend- Analyzing 
Controls 


ROWN ‘Trend-Analyzing’’ Control automatically 

adjusts its regulation of the valve in accordance with 
the speed, magnitude and direction with which the factor 
controlled deviates from the central point. Also known 
as a “Follow-Up” Control. 


Write for complete details. 
THE BrRowN INSTRUMENT COMPANY 


4482 WAYNE AVE., PHILADELPHIA, PA. 


Branches in 20 principal cities 


Brown Instruments 


‘to measure is to economize ' 


When writing to the above company, please mention INSTRUMENTS 
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The Big Job 
Air 


Conditioning 





PERFECT air conditioning requires a constant tempera- 
ture and humidity control. To reach and maintain that 
control, day in and day out, regardless of weather conditions 
and the seasons--that is the big job of the engineer. 
That is why Foxboro Humiditiy Recorder-Controllers have 
won such enthusiastic commendation. Engineers know that 
both accuracy and dependability of control are assured. 
Foxboro Controllers get results. 
Three general methods of control are applied. 
1. Direct control of spray heads. 
2. Control of Steam or brine valves. 
3. Control of dampers. 
Foxboro Controllers automatically control the air in both 
small curing rooms and in entire buildings. They are used 
with simple spray heads and steam radiators and large air 
conditioning units. 
Wherever air conditioning is a problem, Foxboro Automatic 
Control will pay and pay big. Write today for information 
to Dept. AE. 


THE FOXBORO COMPANY 
NEPONSET AVENUE, FOXBORO, MASS., U. S. A. 


New York Pittsburgh 
Detroit Rochester, \. ¥ 
San Francisco Portland. Ore 
Salt Lake City Tul 

Chicago — 
Cleveland Los Angeles 
Boston REG. U. S. PAT. OFF Dallas 
Philadelphia THE COMPASS OF INDUSTRY Atlanta 





Instruments for Controlling, Recording and Indicating Temperature, Flow, 
lumidity and Pressure. 














| 


-_. 
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In the 
production ““game“ / 


its CONTROL 
THAT PAYS 


Thecrucialsalesinning witha prospective customer. 





Product uniformity demanded. Itisa time when the 
precision control of temperature which insures 
that uniformity is a vital factor in closing the sale. 

This sales advantage is obtained with Minneap- 
olis-Honeywell motorized valves, controlling the 
fuel in furnace, oven or kiln. These valves operate 
with their own regulators or with any controlling 
pyrometer, to regulate the flow of gas, oil and air. 





Catalog sent, free, on receipt of coupon. -_ 


Temperature 
Controller 


Motorized Globe 
and Butterfly 
Valves 


MINNEAPOLIS 


INDUSTRIAL REGULATORS 


HONEYWELL 


MINNEAPOLIS- HONEYWELL REGULATOR COMPANY 
2735 Fourth Ave. So., Minneapolis, Minn. 
Branch Offices and Distributors in Principal Cities 






In Canada: Minneapolis-Honey well Regulator Co., Ltd., Toronto 





Minneapolis-Honeywell Regulator Co., 2735 Fourth Ave. So., Minneapolis, Minn. 
Send me your catalog on Industrial Regulators. 


O Have representative call. I understand there is no obligation 


Name Position 
Company pees : ee ’ {ddress 
City ih the ie ba e a8 ws owe ach State 





When writing to the above company, please mention INSTRUMENTS 
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Aceuracy and Speed 
with the 

BURGESS-PARR 

OXYGEN & 
BOMB Hee econo 


the calorific jvalue for fuels, 
foods or other combustible 
material. 











tS 


CALORIMETER 


ADIABATIC TYPE 
Directly responsible for the recognized precision 
and ease of operation of the Burgess-Parr Calor- 
imeter is the famous Burgess-Parr [llium Bomb 
which is used in this instrument. 
The Ilium Bomb is a solid one piece casting 
which positively withstands corrosive attack. 
Due to its inherent quality of acid resistance the 
weight of the bomb_remains unchanged and in 
addition provides for accuracy of corrections for 
the acids produced by combustion. 

For further information write 


BURGESS-PARR COMPANY 


MOLINE, ILLINOIS 


Successor to THE STANDARD CALORIMETER CO., Est. 1899 








When writing to the above company, pl:ase mention INSTRUMENTS 
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330°F. below Zero to 1300° above! 


The Engelhard Electric Resistance 
Thermometer measures to 1/10 of 1% 





Engelhard Quartz Protected Spiral 


Where extreme accuracy of temperature measurement under 
1300°F. is required, the Engelhard Electric Resistance Thermom- 


eter is preferable. 


Employing the direct reading Wheatstone bridge system, this 
instrument is simplified so no manual adjustment, manipulation 
or calculation is necessary to obtain readings. Errors are reduced 


to a minimum—accuracy is maintained at lowest possible cost. 


Practically any number of thermometer bulbs may be connected 
to one indicator, with readings showing comparison or averag- 
ing of temperatures. Both installation and maintenance costs 
are lower than those of any other instrument of comparable 


accuracy. 


Write for the bulletin describing 
the Engelhard Electric Resistance 
Thermometer, its operation, and uses. 


a 


cus ENGEL 


233 N.J.R.R. AVE 















ARD“< 


NEWARK WN. J. 


















STANDARD Chicago, New York, Boston, ritts- 
FOR burgh, Cleveland, St Louis, R. E. 
30 YEARS Chase & Co., Tacoma, Wash., Jen- 
sen Instrument Co.. Los Angeles, 


Cal. 


Recording and indicating instru- 
ments, automatic temperature and 
gas control, pyrometers, gas analyz- 
ers, thermocouples, thermometers. 


When writing to,the above company, please mention INSTRUMENTS 
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STRESS 
FACTORS 


determined by 
HUGGENBERGER 
i, TENSOMETERS 


In constructing the Dornier ‘*Do-X”’ Flying 
Boat, Huggenberger Tensometers were liber- 
ally used in determining the conditions of 
stress under test loadings. They were applied 
to the engine supports (shown above), interior 
wing structure, fuselage, steering levers, and 
at other points where the tmportance of safe 
stress factors, as recorded by these devices. 
controlled the form and weight of material 
used, resulting in a maximum of resistance to 
stress with minimum amount of material, 
thus decreasing the dead load per horse-power. 


TEST EQUIPMENT DIVISION 


H 
S O U ee. WAR 


E Co Type A 
PHILADELPHIA.PA — 
2 to 


DETROIT OFFICE—STEEL CITY TESTING LABORATORIES 











When writing to the above company, please mention INSTRUMENTS 
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WHERE the very closest limits 


of accuracy are important — 
where microscopic deviations 


B &L Contour Measuring Projector determine the quality and use- 


BAUSCH & LOMB OPTICAL CO. 


fulness of a product —the B&L 
Contour Measuring Projector furnishes the means of 
showing up each defect. Variations as small as .0001” 
are measurable. 


Here is an instrument of great precision with which 
you can make measurements that can be made by no 
other known means. In production it offers you a rapid, 
yet precise method of inspecting parts such as gears, 
hobs, threads, etc. As a Laboratory Control instrument 
it offers an unexcelled means for checking and main- 
taining accuracy. 


Write today for literature describing the Contour 
Measuring Projector in detail. 





615 St. Paul Street « » Rochester, N. Y. cur ro nove 














Makers of Orthogon Eyeglass Lenses for Better Vision 


When ACCURACY 


Ten-Thousandth of 


» 

















When writing to the above company, please mention INSTRUMENTS 
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Now Comes 


MULTIMETER JUNIOR 


Latest Addition to the RAWSON DC Family 





Scale Over 3” Long 


5” x 434” x 21%” 
Height over all 3” 


Twelve Ranges—1 microampere to 1 ampere (1,000,000 mics) 
20 microvolts to 1000 volts 


Just 3 Binding Posts and 1 Selector Switch 


Specially suitable for covering both minimum and maximum readings on 
separate mounted thermo couples in vacuo 
For High Frequency Work 


RAWSON 
ELECTRICAL INSTRUMENT CO. 


INCORPORATED 1918 
CAMBRIDGE, MASS. 
Mid-Western Representative: 
EARL N. WEBBER 
Daily News Bldg., Chicago, Ill. 


Branch Office: 
91 Seventh Avenue 
New York City 
Also Manufacturers of AC or DC Thermal Multimeters, Microammeters, 
Milliammeters and Ammeters, Microvoltmeters, Millivoltmeters, and Voltmeters, 


Cable Testers, Timers, Earth Current-Meters, Fluxmeters, Thermo 
Junctions, Electrostatic Voltmeters, Wattmeters, etc. 


Write for bulletins. 


iseteieieiiethiaieeetesehememenien dae 
When writing to the above company, please mention INSTRUMENTS 

















3 
% 





August, 1930 INSTRUMENTS 











SUBSCRIPTION FORM 


(Sj 
INSTRUMENTS PUBLISHING COMPANY, 
3619 FORBES STREET, PITTSBURGH, PA. 


Please enter my subscription to begin with the next issue. 
I enclose $.......... payment for a period of........year(s). 


1 Year $2.00—2 Years $3.00—3 Years $4.00 
4 Years $5.00 


Money orders and checks should be made payable to 
INSTRUMENTS PUBLISHING COMPANY 


»> Please Print or Fill in With Typewriter <« 


Name 

Street 

City & State 
My Position is 
Company... 


Company Address 
—] 


I am interested in the following checked items: 
Instruments for the measurement of: 


1. General 9. Heat Units and Combustion 

2. Length, Area, Volume. 10. Pressure Differences. 

3. Solid, Grandular & Powdered 11. Speed, Acceleration, Time. 
Materials. 12. Specific Gravity and Density. 

4. Liquids. 13. Physical Properties. 

5. Gases, Air and Steam. 14. Vibration, Sound, Light, Color 

6. Electric Energy 

7. Power, Work and Output. 15. Chemical Analysis 

8. Temperature and Moisture. 16 
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AN IMPROVED ROSA CURVE 
TRACER IS NOW AVAILABLE 





hows improved instrument is more sensitive, more accurate, and 


easier to operate than an oscillograph of either the moving coil 
or cathode ray type. It can be applied to practically any work for 
which either oscillograph is now used. It will give satisfactory 
results where 0.1 volt is available. The circuit may be of either low 
or high impedance. Harmonics may be reproduced in their true 


relation to the fundamental and to each other 


The Rosa Curve Tracer can be used for harmonic analysis of the 
wave shapes of alternators and transmission lines, for accurate 
measurement of phase angle and power factor, and for measurements 
of peak voltages. It is also used in studying ignition systems, 
vacuum tube audio frequency amplifiers, rectifiers, and filter circuits, 


and in certain types of acoustical investigation. 


Because of its simple construction, students can master the opera- 
tion of the Rosa Curve Tracer in a few minutes, and can use it to 
trace curves and to visualize the meaning of wave form, phase angle, 
power factor, oscillatory discharge, decrement, etc. 

This new Rosa Curve Tracer was first described in September 1928 
in the Journal of the Optical Society and Review of Scientific Instru- 
ments. The paper discusses both the design and the use of the instru- 


ment. Reprints will be sent on request. 


7460 Rosa Curve Tracer $400.00 






LEEDS & NORTHRUP COMPANY 


4901 STENTON AVENUE PHMADEL PHA PA 








G-194 








When writing to the above company, please mention INSTRUMENTS 
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The Rockwell Hardness Tester 

















Ree tar ee 
er es Ce 





In the testing laboratory of the Pioneer Instrument Co., Brooklyn, N. Y. 


Instrument Makers are 
Instrument Users 


We ask makers of machinery and equipment and of 
other things to realize that makers of instruments do 
not fail to use, where adaptable, the scientific appa- 
ratus offered to industry in general. We have ship- 
ped a goodly number of Rockwell Hardness Testers 
to our fellow instrument makers. 








Witson-MAeuten (C0 


NS a TR SL ARRAN ERENT AEM 
INCORPORATED 


387 Concord Ave. New York, N. Y. 
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To Our Readers 


agin three years ago the work on INSTRUMENTS was actively 
started. Since that time the demands placed on us by the readers have 
steadily increased. Our offices have steadily grown in spite of business 
conditions, and now after three years we have again enlarged our offices, 
this time locating most conveniently to the sources of information. 

The new offices of INSTRUMENTS are within five minutes walk of the 
Carnegie Library, the Pittsburgh Station of the United States Bureau of 
Mines, the Mellon Institute of Industrial Research, the Carnegie Institute 
of Technology, the University of Pittsburgh and the research laboratories 
of the American Sheet & Tin Plate Company, the Gulf Production Com 
pany and the National Tube Company. Within a short auto ride are 
located the research laboratories of the Aluminum Company of America, 
the Vanadium Company of America and the Westinghouse Electric & 
Manufacturing Company. 

We invite you to call and visit us. 


: LISA 
UNIVERSITY ey . 


iS 
























@VATIONAL TUBE 
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ae INSTITUTE 
oF 
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How Hair Springs Are Made 


Henry Sugden 


HE experimental instrument maker very frequently has occasion to us: 

a special hairspring in the instrument which he is developing, and it 
being very unlikely that the manufacturer will have the exact spring desire 
as regards dimensions, torque, conductivity, etc., also the time require 

in correspondence, and shipment—he usually depends upon his own re 
sources to make the spring himself. Besides, as the experimenter usual] 
requires only a few springs of one kind, the manufacturer can hardly 
expected to bother with such small lots. He, therefore, proceeds to rig uw 


i 
1 


the necessary tools for this purpose—which do not differ very great 
from those of the manufacturer—the main difference being, that they are 
intended to wind only a few springs at a time; while those of the manu 
facturer wind large quantities ata time. The experimenter being supplied 
with phosphor bronze wire of various sizes, a draw-plate, a Bunsen burner 
ind jewellers rolls, all he requires is a winding tool, which is herewit! 
illustrated. If the instrument for which the spring is needed, be of th 
voltage measuring type, the spring may be of a high resistance spring m 
terial, of any diameter suitable to the space in which it must go, and of 
any cross-section that will produce the desired torque—this torque he 
knows from tests on previous springs. 


If the instrument is of the millivoltmeter type, the spring resistance 
must be as low as possible; which means it must be short, wide and thin 
always remembering that the ratio length/thickness does not fall below 150 
Also the material must be of high conductivity bronze. Having then, 
determined the width and outside diameter of spring, he proceeds to make 
the winding tool. 


From a piece of soft steel or brass rod about ;’,”’ larger in diameter thar 


the outside diameter of spring, cut off about 14 inch. Chuck this piece ir 
the lathe, drill a hole in the center, the size of the inside diameter of spring 
After facing the end, make a recess equal to the outside diameter of the 
spring, and slightly deeper than the width of the spring. This we wil 
call the winding block. (Fig. 1.). 


Then take a piece of steel or brass rod, somewhat larger in diameter thai 
the hole in the block. Chuck this rod and turn down one end until it fits 
the center hole of block snugly and projects even with face of block. Dril 
a hole in the end of this rod ;'5” smaller in diameter than the hole in the 
block, and about I ‘ed deep. (Fig. 2.). This leaves a wall a5 thick, the sam¢ 
as the wall around the end of the block. These two walls now are slotted 
to the depth of recess in block—and divided into eight slots—with saw 
about 0.005” thick for spindle wall and 0.01” thick for block wall. Th 
slots in block wall must be at an angle of about 45° to a radial line. (Fig. 3 

If the block be made of brass, then a piece of steel rod should be set in a 
at S (Fig. 1) to be used in tempering the springs as hereafter described. 

Now get a piece of board about 12” square and 34” thick, and drill 


hole in the center to clear the thick part of spindle, and recess with countet 
bore size of block 14” deep. 
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Then at each corner of board, nail on legs about 9” high, and stand it 
the bench. Now we are ready to wind in the spring ribbon. 

Roll down the phosphor-bronze wire to the desired thickness and widt! 
then cut into lengths sufficient for one spring. 

If one ribbon per slot be used, the distance between turns will be tl 
thickness of ribbon multiplied by the number slots. If that is not sufficient 
then two or more ribbons may be inserted in each slot. 

Now put block with its spindle, in recess of board and introduce ribbor 
into slots in spindle, and fold back against inner wall; then continue ribbor 
into slots in wall of block, as shown in Fig. 3. The board is to support 
the ribbons. 

When all ribbons are in their place, insert plug 3A in end of spindk 
to prevent ribbons from coming out. Cover with disc Fig. 5 and clamp tl 
whole board as in Fig. 6. 

Turn the spindle underneath board counter-clockwise, or in a directior 
to move the ribbon in the direction of oblique slots in block. Keep on turt 
ing until it is felt that the recess is full. Clip off surplus ends and wit 
entirely in; then cover with cap (Fig. 4) and release block with its spindk 
from board; it is now ready for tempering. 

Polish the piece of steel S, with fine emery paper without touching it 
with the bare fingers. 

Put the block in a Bunsen flame, holding it by the spindle with a pau 
of pliers. Move it, watching the piece of steel S all the time for the color 
When the color has reached a light blue—about 600° F., withdraw it from 
the flame and lay aside to cool. When thoroughly cool, take off cap, with 
draw spindle and shake out the bunch of springs, these will be closely 
bound together, and may be separated with tweezers applied at inside 
ends, one at a time. 

It should be mentioned that before inserting ribbons in block, they 
should be cleaned with gasoline and clean rag to free them from greasy 
finger marks; otherwise they will stick together when separating. 

If the springs are not of the proper torque, others may be rolled from the 
same wire, and the thickness only varied to suit; remembering that the 
torque is proportional to the cube of thickness, other things being equal 


W. W. PATRICK 


Mr. W. W. Patrick, a director of The Foxboro Company died suddenly 
July eleventh, of pneumonia. He was one of the most widely known figure 
in the instrument business. 

He has been associated with the founders of The Foxboro Compan) 
since 1899. In 1908, he became New York District Sales Manager and hel 
that post for twenty-two years. 

Mr. Patrick was also a prominent figure in the Association of Scientifi 
Apparatus Makers of America. He was a director of the Association an 
Chairman of the Industrial Instrument section. 
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Instrument Repair and 


Standardization * Laboratory 
C. B. Fry* 


HE Testing Department of the Westinghouse Electric and Manufact- 

uring Company at East Pittsburgh maintains an Instrument Repair and 
Standardization Laboratory for the purpose of making periodic calibration 
and repairs to all electric instruments used in the various departments of 
the company. In this laboratory at the present time there are approxi- 
mately 675 d.c. and 850 a.c. instruments. Ill d.c. instruments are cali 
brated once each month and the a.c. instruments are calibrated twice each 
month, while at the same time the necessary renewals and repairs are made 
to keep them in good mechanical and electrical condition. 

By a system established in the laboratory, the instruments are all sched 
uled to be calibrated on a certain assigned date. In order to avoid confusion 
of having several instruments of the same rating and from the same depart 
ment in the laboratory at one time, it was found necessary to consider each 
department separately and all instruments of the same rating at one time 
when fixing the testing dates. That is, if there are in a department three 
ten-ampere ammeters which should be ¢ested once a month, they are given 
dates ten days apart; and, since the weeks do not always end on the same 
date, it is necessary to have a weekly schedule made in the laboratory and 
sent to each department with the serial number of the instruments, and the 
exact date on which it is to come in for calibration. Instruments are carried 
to and from the laboratory in an especially constructed rubber-tired truck. 

All new instruments are given an acceptance test before they are put 
into service. This test consists of a close inspection for friction, zero indi- 
cation of pointer, balance, cold and hot calibration to determine temperature 
error, and calibration error. If the instrument meets the approved guar- 
antee of the supplier, a serial card record is made, and a calibration date as- 
signed; it is then ready for service. 

All types and models of instruments and instrument transformers are 
calibrated; among the most common are d.c. voltmeters, ammeters, and milli 
voltmeters; a.c. voltmeters, ammeters, and wattmeters; and resistance 
measuring devices. The voltmeters, ammeters and millivoltmeters may be 
calibrated by comparison with a standard instrument, or by the potentio- 
meter method. In the former case the standard instrument and the one 
being checked are connected in multiple across the E. M. F. at the same 
point and their readings compared; by the potentiometer, which is a Nil 
Method, no current is used by the Standard. To those familiar with elec- 
trical measurements, it is well known that the latter method is capable of 
greater accuracy. 

It has been the custom for some time to calibrate all d.c. instruments on 
five cardinal points and all a.c. instruments on seven cardinal points. After 
the calibration report is made and properly recorded on the instrument 
calibration record card (Fig. 1), the instrument is again ready to be sent to 
the Test Department. 


The repairs made to instruments in the laboratory consist generally of 
renewing defective parts, such as burned springs, conducting strips, moving 


*Foreman, Instrument Repair and Standardization Laboratory, Westinghouse Electric & Manufacturing Company. 








Page 48¢ INSTRUMENTS August, 109 





elements and stationary coils, or polishing pivots and replacing cracke 
jewels. 

When new springs are put in an instrument, great care is exercised i 
the soldering, as overheating a spring relieves the temper and in turn w 
not allow the instrument to hold its calibration. 

Moving elements and stationary coils are sometimes replaced without 
any great change in calibration, this being true only when the new coi 
have the same shape and electrical characteristics such as the ones the 
replaced. 

When the pivots are damaged it is usually caused by a sudden jar of th 
instrument or by a heavy overload causing the pointer to whip over against 
the stop at the end of the scale, leaving the pivot with a hook on the end 
that is, an overturned point. This hook is removed by grinding with a fine 
oil stone and finishing with rouge paper, leaving a highly polished point 
the polished surface being necessary to reduce friction as much as possible 
Instruments are used either in a vertical or horizontal position and the pivots 
should be ground accordingly, that is, portable instrument pivots, which are 
vertical, are ground to a fine point, whereas switchboard instrument pivots, 
used in an horizontal position, are ground with a slightly rounded point. 

Saphire jewels are most commonly used in all electrical instruments for 
bearings on which the pivots ride; and quite frequently they are cracked 
by rough handling, necessitating their replacement by new ones. 

The Standards used by the Testing Laboratory are given special atten 
tion, by careful handling, by maintaining a constant room temperature, and 
by periodic calibration. Careful handling is very essential because it pre 
vents excessive friction in the moving mechanism and keeps the instrument 
in good operating condition. When the room temperature is kept constant 
most temperature errors are reduced to a minimum. 


All standards are standardized periodically in order to insure a correct 
calibration. This is done in the Standards Laboratory of the Research 
Engineering Department, where primary standards are kept for standardiz 
ing purposes only. The standards are used for standardizing instruments 
such as voltmeters, ammeters, wattmeters, inductometers, thermometers, 
optical pyrometers, pyrometers, potentiometers, bridges, condensers, shunts 
and standard cells. These standards are periodically sent to the Bureau of 
Standards for standardization. 


The laboratory is also equipped to test instrument transformers both 
current and potential. Ratio and phase angle tests are made with the use 
of a Silsbee transformer testing set and phase shifter. It is also necessary 
to have a set of calibrated transformers which are used in conjunction with 
the Silsbee set. Any good grade of commercial transformer can be cali 
brated for use with this testing set. Tests made by this method can be 
relied upon within .1% accuracy in ratio and 5 minutes in phase angle on 
both 25 and 60 cycles. Each of our standard transformers carry with it a 
certificate of standardization from the Bureau of Standards. 


This Testing Department maintains electrical measuring instruments 
for use in making field tests for customers. There are several complete sets 
of instruments and transformers available for work of this kind. These 
instruments are not used for any commercial or experimental testing in the 
factory, and are not handled except when the field test engineer is about to 
go out on a test, at which time these instruments are carried to the Meter 
Laboratory and calibrations are made. A certificate of calibration for each 
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instrument and transformer is supplied to the engineer in charge of the 
field test. 

Occasionally customers prefer to have the instruments calibrated by a 
disinterested party, in which case the customer names the electrical labora- 
tory in which he prefers these calibrations made. However, these instru- 
ments are always calibrated in our Laboratory in addition to being cali- 
brated in the laboratory named by the customer. Our calibration certifi- 
cates in this case are not sent with the instruments. It is quite interesting 
to know that by comparing calibrations made by other laboratories with our 
calibrations, the errors do not exceed .2% variation, and that our calibration 
on transformers has always been even closer due to the greater number of 
calibration points. 

Samples of resistance wire, copper rods, and sheet material used in the 
manufacture of electrical apparatus are sent to the laboratory where they 
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are tested for temperature coefficient, resistance, and conductivity. Up 
the results of these tests depends the selection of the materials for manu 
facturing. 

The Instrument Repair and Standardization Laboratory, therefore, o 
cupies an important place in the manufacturing of electrical apparatus. It 
tests materials used in the construction of apparatus, and instruments at 
meters standardized in the laboratory are used in making all shop and fil 
tests on completed apparatus. 

a 
Fifteenth Anniversary 


On June 14th the General Radio Company celebrated its fifteenth 
birthday. A brief history of this company appears in the June issue of 
their house organ “The General Radio Experimenter.”” 


i de 


George W. W. Cornman, Treasurer and Manager of the Service Depart 
ment of The Brown Instrument Company, retired from business August 
8, 1930. 

Mr. Cornman has been associated with the instrument business 
years, formerly being Secretary and Treasurer of the Keystone Electrical 
Instrument Company. When that organization was absorbed by The 
Brown Instrument Company, he became Treasurer and a Director of the 
present organization and was the active head of the Service Department, 
which was built up under his guidance. 

The Service Department will be in charge of R. C. Kennan as Manager, 
and E. T. Nahill as Field Supervisor. 


a 


Mr. J. B. McMahon, the well-known Tulsa branch manager of The 
Foxboro Company, will hereafter make his headquarters at the home office 
at Foxboro. He is to take charge of all field engineering service and willl be 
responsible for all direct sales effort. Having a man of Mr. McMahon's 
experience in the field at the home office should be of distinct benefit t: 
The Foxboro Company's many customers. 

Mr. G. B. Lane, former manager of the Detroit office, has succeeded Mr 
McMahon as branch manager at Tulsa. Mr. Lane is well equipped by 
experience and training to uphold the excellent reputation for service 
enjoyed by the Tulsa office. 

a 


The twenty-third annual meeting of the National Conference on Weights 
and Measures convened at the National Bureau of Standards of the Depart 
ment of Commerce, Washington, on June 3 and remained in session for four 
days, during which a wide variety of subjects pertaining to the regulation 
of commercial weighing and measuring devices was discussed, and codes of 
specifications and tolerances affecting such devices were adopted and recom 
mended for uniform promulgation by the States. State and local weights 
and measures officers were present from twenty-six States and the District 
of Columbia to the number of 109; the remainder of the total registratiot 
of 240 comprised representatives of the Federal Government, manufacturers 
of weighing and measuring equipment, railroad weighing departments, and 
distributors of products sold by weight or measure. 
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Measurement 


of Air Flow 


E. Ower, B.Sc. (Lonp.), Hons.L., A.C.G.I. 


Bramwell Medallist; Member of the Institution of Heating and Ventilating 
Engineers; Assistant in the Aerodynamics Department, 
National Physical Laboratory 


CHAPTER VI. 


THE PLATE ORIFICE, VENTURI TUBE, AND SHAPED 
NOZZLE 


TuE Pitot tube, in conjunction with a properly designed static 
tube, has the important advantage that its calibration has been 
definitely established by careful experiment, so that it can be, 
and, in fact, is, regarded as a fundamental standard for the 
measurement of wind speed. In the absence of any other 
standard of equal precision, it must play an important part 
in the calibration of all other instruments for air speed measure- 
ments. It is, however, subject to certain shortcomings for 
practical work. In the first place, as we have seen, it is not 
well suited to a rapid determination of quantity since the pipe 
section has to be traversed, and a certain amount of arith- 
metical work has to be performed. Secondly, the pressures to 
be observed are very often small so that sensitive manometers 
are required to give the necessary accuracy, and the design 
of such instruments to read accurately the velocity heads 
corresponding to air speeds of less than 1000 feet per minute, 
presents serious practical problems. 

For these reasons methods have been sought in which the 
pressures to be measured are automatically augmented, and 
in which single readings enable the mean velocity in a pipe 
to be determined. Although such methods lack the certainty 
of the Pitot tube when used with a manometer of the requisite 
precision—as a general rule, in fact, it is safest to calibrate 
the apparatus employed by means of the Pitot tube if the 
highest accuracy is required—they are undeniably superior to 
this instrument as regards the ease and rapidity with which 
the necessary observations can be performed. Briefly, these 
methods consist in introducing into the stream some device 
such as a nozzle or an orifice plate which, at a given section 
of the pipe, constricts the free area through which the air can 
pass and so effects a local increase in velocity. It is then 
found that a comparatively large drop of static pressure is 
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experienced by the air in passing from the full diameter of t! 
pipe to the section at which the constriction, and hence al 
the velocity, is a maximum, and that this pressure drop « 
be used as a measure of the air speed. 

Equations for the Flow through Orifices and Nozzles 

Suppose that in a given pipe the walls are shaped as show 
in Fig. 25, so that the area at section BB is less than at AA 
Let ~,, Vy, py, 4, be respectively the absolute static pressur 
(measured from zero), the mean velocity, the density of the ai 
and the area of the section at AA, and fg, Vp, po, a2 be the corr 
sponding quantities at BB. Also imagine that the pipe wall 
at AA and BB and the directions of flow at these sections ar 
parallel to the axis of the pipe. 

We shall assume the flow to be frictionless, and at a late: 
stage introduce numerical coefficients to cover the error involve: 














by this and other assumptions. Such coefficients will have ti 
be determined experimentally. 

The difference between the static pressures p, and f, will 
depend mainly on the ratio of a, to a,._ In many cases the ratio 


p 


* does not differ much from unity,* and in these circumstances 


p, and pg, the densities of the air at the two sections, may b 
considered as effectively equal. 
We start with the general equation derived in Chapter I] 


a 


y* lp 
t | - constant, 
2 p 


and apply it to the air between sections AA and BB. We ther 
have 


to 


Po 


Case (a): Nearly Equal to Unity.—In this case 
1 


* It must be remembered that p, and p, are measured from zero, : 
that their mean value in most cases will be approximately atmosphet! 
pressure Or, say, 400 In hes of water. Hence in such cases they ma 
differ by about 8 inches of water—an easily measurable amount—befo! 
the ratio of one to the other differs from unity by more than 2 per ce! 
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may be taken as equal to p,, which is equivalent to regarding 
the air as incompressible. Equation (1) becomes 


Voz a2 
a pr pr. 


2 p 


(2) 


Also, the weight of air flowing per unit time across AA is 
equal to that across BB, i.e. 


P1%y = P242V2, 
or v%,= : ; ‘ ‘ - (3) 
Substituting (3) in (2) we have 


2_. 2(Pi — Pp») 


: ; - ’ ‘ . (3a) 
Us 
a, 


and the weight of air flowing per second * is given by 
: g ; 


Vg 


Y = §P42V2 = 428 PsP s Pe) . - (4) 
V1 = 


Actually, the flow will be less than this, the true value of 
q bearing a ratio.a to the theoretical value, a being less than 
unity ; a is known as the coefficient of discharge and has to be 
determined, as stated above, by experiment. Inserting a in 
(4), and writing 7 for the ratio of the upstream and downstream 


a 
areas = we have finally 


J = aagg (oe P2) (5) 
ies I 


which is the equation for the flow of an incompressible fluid 
through an orifice or nozzle. 


Case (5): is Appreciably Less than Unity.—Compres- 


sibility can no longer be neglected, so that p, cannot now be 
taken as equal to p,; the density will now change with p accord- 
ing to the usual laws for gases. It is almost always the case in 
practice that the flow along the pipe is sufficiently rapid for 
the expansion (/, is less than #,) in the nozzle or orifice to be 
taken as adiabatic, so that we have 


Ay —= € po ; ‘ j a 


* It should be remembered that p here has its « ustomary significance 
_¢ Weight per unit volume 
of —-_+—_ ___* so that the weight of a volume V of air is 


o 


r . sd 
&p V units of weight. 








" 
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where C is a constant and y is the usual index for adiabati 
expansion (1-408 for dry air). 


: I C 
Hence in this case (1) becomes, since, from (6), (©) 
p p 
1 1 1 
» a > * , 
V9" 4 hi 4 dp Y { y y 
) ( ( y 1 \P Y po Y 
ar 
1 1 
and, if we put Tg PY. this reduces to 
Pi 
9) 2 wn 2 , * 1 
wot oy bf, (PSN ’ 
. y—I pl p | j 


The equation of continuity of flow, i.e. equal weights of ait 
passing sections AA and BB in unit time, is, as before, 


P1410 P2dovo, 


or, if the value for ®? from (6) is inserted, 
Pi 


Putting this value of v, in (7), and reducing, we have 


Nd 


wo 


b> 
\Py } , 6 


7a 


so that, inserting the discharge coefficient a, and putting, as 


a, ‘ ee ; ’ 
before, 7 , the weight of air flowing per second becomes 
Uo 
9 L 
J = AAzggpoz AA 9g ( = \¥ pyVo 
ae | 
vy 5 yY—? i 4 Y ’ 

ar® , - a . pripevpr 7 2 (5) | 

AA sg ? bile. 1 


air 
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This equation can be thrown into a form which is more 
convenient for practical purposes, since it involves the pres- 
sure drop ~, — pz across the nozzle or orifice, which is easily 
measurable. Moreover, the modified form of the equation is 
more readily comparable with (5), the equation for the flow 
of an incompressible fluid. 

p 


Let us write R for the expansion ratio<* wherever it occurs 


1 
in (8); then we may make the following substitution for /, 


where it occurs by itself (not as part of the ratio ft) _— 
1 


a — x (pi — po) (pp: — po) : : R’ 


q = aaygy/2A1"( Pr — ba) 


r* — I 


V v2 — RY 


Comparing this equation with (5), we see that it is the 
equation for the discharge of air treated as an incompressible 
fluid, modified by the term under the second radical, which 
allows for the effect of compressibility. Equation (g) is the 
general equation for the flow of a fluid through a constriction. 
In practice the constriction in a pipe line consists of some 
device such as an orifice plate, a nozzle, or a Venturi tube, each 
of which is considered in detail in the sequel. When these 
appliances are suitably proportioned to the flow, a pressure 
difference (p, — p». in equation (Q)) is set up of such a magni- 
tude that it can easily be measured to the necessary degree of 
accuracy (within I per cent.) without a manometer of high 
sensitivity. 

It will be seen that this pressure difference depends upon 
the ratio of the diameter of the pipe to that of the minimum 
section presented by the constriction, an increase in this ratio 
producing a corresponding increase in the pressure difference 
to be measured. Practical limitations may of course prevent 
the minimum section from being too small in relation to the 
pipe, but even so the pressure difference can be made much 
larger than the velocity head jp the open pipe. Asan example of 
the advantage to be derived from this feature of a constriction 
we may take the case of a 6-inch diameter pipe in which the 
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mean velocity is 20 feet per second. The corresponding velocit 
head is about 0-09 inch of water, whereas if a 3-inch diamet 
plate orifice be inserted in the pipe, the pressure drop acri 
it will be about ay J inches of water, i.e. about 40 times t! 
velocity head. 

A further merit of the method of measuring the flow 
pipe by means of a constriction lies in the fact that, since 1 
traverse of the pipe 1S necessary, as in the case of Pitot tul 
measurements, it lends itself readily to the taking of continuo 
records of the quantity of air flowing. For this purpose it 
merely necessary to transmit the upstream and downstre 
pressures to a recording differential pressure gauge, the chart 
for which may be graduated to read in inches of water, 
if great accuracy is not of importance, directly in pounds of 
air per minute. In the latter case, of course, the correction 
for compressibility and the variations of density of the 
with temperature and pressure have to be neglected, and 
order to reduce errors as far as possible; it is advisable t 
adjust the gauge to read correctly at the estimated me 
conditions of temperature, pressure, and pressure drop acri 
the orifice to which it is likely to be subjected when in 

The chief difficulty in the practical application of thi 
method of measurement arises in assigning a value to a, t] 
coefficient of discharge. A large amount of experimental w: 
has been done, particularly with the thin plate orifice, to « 
tablish values of a for the various forms of constricting device 
but many of the experimenters do not seem to have been full 
acquainted with the various factors which affect the valu 
the coefficient, and their work has in consequence lost some « 
its value, as no general conclusions can be drawn therefrom 

Before we discuss practical cases in detail it will be 
structive to consider the question of the coefficient of a co 
striction from a general point of view. In a device such 
a properly designed Venturi tube or a shaped nozzle in which 
the stream at efflux is parallel, the coefficient approaches th: 
value unity, so that the actual discharge is only slightly les 
than the theoretical. The slight reduction that does occur 1 
mainly attributable to the frictional loss in the passage of tl 
fluid through the constriction. In the case of an orifice « 
in a thin plate inserted in the stream, the actual discharge 
considerably less than that calculated by the use of equatiol 
(9), taking a, as the area of the orifice. This is due to the fact 
that the stream issues from the orifice not in the form of 
parallel] jet, but as a convergent jet, the section of minimul 
area, which is of the order of 0-6 or 0-7 times the area of th 
orifice, occurring at a distance of somewhat less than a pj 


_ 


diameter or so from the plane of the orifice. The section 
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minimum area is known as the vena contracta ; atter passing 
this section the jet commences to expand, and the pipe will 
again run full some few diameters downstream from the orifice. 
Further reference to orifice coefficients will be found below 

Variables Affecting the Discharge Coefficient.— [et 
us now consider the variables that affect the coefficient of dis- 
charge of a constricting device in the general case of the flow 
of a compressible fluid. These variables will be found to be : 


(a) the density of the fluid |at the section of minimum 
(b) the viscosity of the fluidJ area of the constriction ; 
(c) a speed characteristic of the flow ; 
(d) a linear dimension characteristic of the size and shape 
of the constriction ; 
(ec) a property of the fluid characteristic of its compres- 
sibility ; 
(f) the ratio of the diameter of the constriction to that of 
the pipe. 
For (c) we may take v,, the mean speed of the fluid through 
the throat, or section of minimum area of the constriction, 
and for (d) the diameter d, of the throat. For the compres- 


sibility it is customary to take the ratio v where V is the 


speed of sound in the fluid. This ratio, which can be shown to 
be characteristic of the compressibility, can be reduced to the 
[9.2 
for /P2" 2 2 : 
rm 4) a. By making use of the relation between v, and 
YP2 ‘ 


Vy, and between pr and po we can transform the expression 
pr” p2” 
[> .9)_2 
aVy 
Pole to 
yp 
1 
“7 Pe I | 
Z a Y 
| Py } 


a a” / Pr =| 
vy i a, p,/") 


The important point to notice is that this expression is a 
pe 


1 


function of the expansion ratio and may be denoted by 


2 
(pyb. 

1 

The variables mentioned above may be collected into three 
groups, each of which may be regafded as a single variable 
upon which the value of a in part depends. These new variables 


. ) opo 9 1, . : 
will be found to be Ue spe (py 22 and “?, the first of which, 


He 1 a, 
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| | B Ue : 
when vy is substituted for —, becomes =; a may therefore 
Pp V2 


represented by the equation, 


where / is some function of the three variables concerned 
[his is an important equation which merits careful stu 

and we may profitably consider its practical significance 

we have two geometrically similar * constrictions of differ: 


.. 
sizes, the ratio a for each will be the same If, further, 
ty 


arrange the conditions of flow so that (B cs and = 
¢ V2 

for the two constrictions, equation (10) indicates that the « 
efficients of discharge for the two constrictions will be equ 
despite the fact that the latter are of different sizes and that t 
individual values of f,, po, vz, etc., may not be the same in t 
two cases. If any one of the quantities in equation (10) alter 
in such a manner as to change the value of the ratio in whi 
it occurs, the coefficient a is liable to change. 

In the case of the flow of an incompressible fluid, the t 


b, ' 

(8)<* ceases to have an influence on the type of flow throu; 
1 

the constriction, and hence, on the value of a. Further, 


? are the Sal 


, , ar As 
a series of geometrically similar constrictions, = will have t 


d, 
same value, and the value of a for this series can be chang 
Voll» 
only by a change in the value of ——*. Hence for the flow 
A Va 


an incompressible fluid through any one of a series of geomet! 
cally similar constrictions, equation (10) reduces to 


where the form of the function fis now the same for all membe! 
of the series, but will vary from one series to another, and 
may be measured anywhere in the pipe, since it does not va! 
with pressure. 

From (II) it is apparent that if any one of the quantit! 
in the ratio - ats is altered, the value of x will not change 1f 

V2 

or both the other quantities are correspondingly altered 

* Two bodies, A and B, are geometrically similar when all lin 
dimensions of A bear a constant ratio to the corresponding dimensi 
of B 


\ugust, 193¢ 
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amounts such that the ratio remains constant. Thus, suppose 
for a given form of constriction a value of « is obtained for water 
flowing at a mean speed v, through the section of minimum 
area. The value of v for air is about 13 times that of water, 
so that the given constriction will have the same value of a 
with air, if the speed is increased thirteen-fold. Alternatively, 
a geometrically similar constriction, having a throat diamete! 
thirteen times that of the original, will have a value of a for 
air equal to that of the original for water, the throat speeds 
in the two cases being the same.* 

Although equations (10) and (11) do not provide a means 
of obtaining actual numerical values of a, they are of value in 
that they indicate the manner in which this coefficient will 
vary under different conditions. They therefore furnish a 
basis upon which the work of various experimenters can be 
correlated so that their results can be given the widest possible 
application. 

We turn now to a consideration of the various practical 
methods employed to introduce a constriction in a pipe line 
in order to measure the flow from the pressure drop set up. 

The Plate Orifice.—Mechanically, the plate orifice is the 
simplest of the devices under consideration in this chapter, 
and is, moreover, the one most easily inserted into an existing 
pipe line with a minimum of alteration to the lay-out. Un- 
fortunately, however, it is the device in regard to whose dis- 
charge coefficient the most uncertainty exists. As usually 
employed it consists simply of a thin plate or diaphragm, 
clamped between two flanges of the pipe, and having a circular 
hole, coaxial with the pipe, cut in it, as in Fig. 26. Two 
pressure taps, one upstream and one downstream of the plane 
of the plate, serve as a means of measuring the static pressure 
drop (pf; — ~.) from which the delivery is calculated according 
to equation (9). 

Equation (g) can be thrown into a form which is more 
convenient for practical use. As it stands it will give the 
quantity of air flowing in pounds per second, the area a, being 
measured in square feet, p, in slugs per cubic foot, and f, 
and p, in pounds per square foot. In practice it is usually 
more convenient to derive the quantity QO in pounds per minute, 
and to measure the area a, of the orifice in square inches, and 
the pressure difference ~, — fp. in inches sof water. It will 
also be convenient to insert the value for p under standard 
conditions of temperature and pressure (0:00237 at 29:92 inches 
of mercury and at 60° F.), and to apply a correction for the con- 
ditions prevailing at the time of the observations. The pro- 


Pris nearly unity, so that the 


1 


* In this illustration it is assumed that 


air can be regarded as incompressible 
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cedure in modifying equation (g) is similar to that performe: 
detail in equations (3), (4), and (5) of Chapter V., and need 1 
be repeated here. The final form of the modified equati 
as recommended for practical use will be found to be, if 
write C for the compressibility factor represented by t 
second radical term in equation (9), 
= r* 2 : 
O &°750a9y . (Ay h.) >» 
ies I (460 t) 
pounds per minute, > OX 


where a,, as stated above, is the area of the orifice in square 
inches, (4, —/,) is the pressure drop across the orifice 


























FIG. 26. Hodgson’s sharp-edg: d orifice, 


‘ 


inches of water, ¢ is the temperature of the air in the throat of 
the orifice in degrees Fahrenheit, and 6 is the barometri 
height in inches of mercury. If /,, the static pressure head in 
the pipe upstream of the orifice, is more than 8 inches of wate! 
above or below atmospheric pressure, 6 must be increased 
diminished by the equivalent of /, in inches of mercury, a 
cording to the note.* 

We have now to consider the value of the discharge c 
efficient a, and the magnitude of the compressibility factor | 
As we have already observed, the stream immediately 01 
leaving the orifice is convergent, and reaches a minimum 


* Note that 4 him is obtained directly from § 2 of this summary. 
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area, appreciably less than that of the orifice, some distance 
downstream of the orifice. It is not until this section is reached 
that the flow is parallel to the axis of the orifice. Now the 
equations hitherto derived for flow through constrictions are 
based upon the assumption that the flow is parallel at the sec- 
tions of maximum and minimum area. Strictly, therefore, in 
applying these equations to orifice flow, the area ay, wherever 
it occurs, should be taken as the area of the vena contracta, 
and not as that of the orifice itself. Similarly, the downstream 
pressure f, should be the static pressure at the vena contracta. 

Obviously, the area of the vena contracta cannot be measured 
accurately in practice, nor can its exact position be easily 
determined ; it is therefore usual to take a, as the area of the 
orifice, and to make the experimentally determined discharge 
coefficient suit this condition. It is because a, is appreciably 
greater than the area of the vena contracta that the discharge 
coefficient is so much less than unity. Approximate measurt 
ments of the vena contracta have been obtained from experi- 
ments made with orifice plates in glass tubes along which water 
was flowing. It is interesting to note that when this area was 
substituted for a, in equation (5), the value of a was found 
to be very much nearer unity, and of the same order as that 
for a Venturi tube or shaped nozzle, in which the minimum 
section corresponds with the actual minimum area through 
which flow takes place. The pressure at the vena contracta 
is found to be less, but not much less, than that close to the 
downstream side of the orifice, whilst on the upstream side 
the pressure rises somewhat in the immediate vicinity of the 
orifice plate. 


America’s first Institute of Applied Optics is to be launched at the new 
University of Rochester in September. A new building given by the 
families of John J. Bausch and Capt. Henry Lomb and dedicated to the 
memory of those pioneers of American optics, was formally presented 
to the new University on July 25, on the occasion of the hundredth anni 
versary of the birth of J. J. Bausch. 

A memorial plaque in the new building was unveiled and Carl F. Lomb, 
on behalf of these two families represented, dedicated it in memory of 
J. J. Bausch and Henry Lomb. 

Organization of the Institute provides for a finance committee consisting 
of Raylond L. Thompson, treasurer of the University; J. F. Taylor of the 
Bausch & Lomb Optical Company, and F. M. Page of the Eastman Kodak 
Company. There is also an administrative committee consisting of Presi 
dent Rush Rhees, Dr. T. Russell Wilkins, acting director of the Institute; 
Lloyd Jones of the Kodak Company, and W. B. Rayton of Bausch & Lomb 
Company. 
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CHAPTER VI. MEASUREMENTS OF LENGTH 


(Continued) 


MeEAsuRING ScREWS AND THEIR PRACTICAL APPLICATION 

Just as important as the application of the vernier for measuring purposes 
is the development of screws for the same purpose. One may consider 
that a screw-thread which is guided in a stationary nut can be moved in 
its axial direction very accurately within very small lengths. Let us 
assume we have a thread with a pitch of 1 mm, 1. e. if the screw is turned 
one complete revolution, we have moved it 1 mm. Or, if we keep the 
screw immovable by a special arrangement in its axis or have the nut 
arranged so that it can move along the screw without rotating, the nut 
is moved 1 mm by one rotation of the screw. If we have now provided at 
the head of the screw a division we can read fractions of a rotation of the 
screw. For example, if the head of the screw has a diameter of a little 
more than 30 mm it has a circumference of 100 mm and we can arrange 
without difficulty 100 divisions on its circumference, and it is quite obvious 
if we have a fixed reading mark, that a rotation of the screw of one div‘sion 
corresponds exactly to an axial movement of the screw or nut of 0.01 mm 
In such cases we can make or measure without difhculty displacements of 
0,001 mm, i. e. make measurements with a screw of 1 mm pitch of about 
1/1000 of that value, and as there is no difficulty whatever in precision 
machining to make screws for measuring purposes with threads of as 
small a pitch as 0.3 mm, screws can therefore be used for measurements 
down to a few ten thousandths of millimeter. It offers no difficulty to 
make the head of the screw as large as conditions require. 

Before this is discussed in more detail something may still be said about 
the possible errors of such screws although in general they will be of no 
importance to the chemist. It is evident that by moving a screw through 
its nut a certain play, usually filled with oil must be there in order to have 
free movement: and then that no thread can be made absolutely exact. 
The principal errors which can occur in measurements with a screw are 
twofold: the progressive error and the periodic error. The former means 
that the pitch of a thread will not be quite uniform over its whole length 
but will vary slightly from thread to thread. This can, of course, amount 
to only very little as otherwise the screw would not be able to pass through 
the nut. These are usually errors which are caused by the screw or the 
thread-cutter getting hot during threading, or that the screw is deformed 
slightly during manufacture due to temperature changes which might be 
quite considerable. The other error is characterized by the fact that it 1s 
almost the same for each thread; if the thread of a screw is evolved in one 
plane by rolling it over the latter always parallel to itself and it records 
how the single pitch runs, this line for an ideal screw must be an abso 
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table with the photographic plate is made movable. Naturally, there 
-xist the most varied possibilities. 

As a last extremely important arrangement may finally be mentioned the 
so-called ocular-micrometer which, also, is very frequently used. Very 
often, it is also called a micrometer-microscope (Fig. 25). In principle, it 
can be described as follows: A microscope is directed on the small object 
to be measured, of which the objective gives a magnified image in the plane 
of vision. This image is seen, again magnified, through the eye piece. In 




















































































































the field of view of the objective a mark is made which is seen simultaneously 
with the object through the eye piece. This mark in the plane of vision ts 
moved in this plane by a small measuring screw. This screw is turned by a 
divided drum which is arranged at the side of the ocular. The screw moves 
a little frame in the plane of vision, the frame is very exactly guided by the 
motion of the screw in its nut, and in the interior of the frame the image 
of the object appears. A few fine hairs are stretched across the face of the 
frame which make possible the adjustment to the object. This arrange 

ment is particularly in favor for exact reading of divisions. In this case, 
the adjusting marks consist almost always of two fine parallel hairs which 
are such distance from each other that apparently the image of the line 
of the scale to which it is adjusted just fits between them. If measurements 
are to be made with such a device the following must be observed: the 
pitch of the micrometer screw is hereby entirely unknown, the screw is 
also almost entirely inaccessible. The real pitch is practically immaterial 
because the object to be measured already appears magnified by the un 

known magnification of the objective in the plane of the measuring screw 

It is wholly immaterial what distance corresponds to one revolution of the 
screw in the plane of vision, but one wants to know the length correspond 

ing to one revolution of the screw taking into consideration the magnifica 

tion of the objective. Take for example, the case of an objective with a 
magnification of exactly ten times and a measuring screw of 0.5 mm pitch, 
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then one revolution of the screw corresponds to 0.5 mm, and from thi 
results that an object of only 0.05 mm length can just be measured by 
revolution of the measuring screw. As magnification and pitch are 1 


known the value of one rotation of the screw must be determined in eve 
individual case by means of a scale. This holds true especially if sucl 
microscope has interchangeable objectives or the length of the tube car 
changed as then, of course, also a change of magnification of the object: 
occurs. A change of magnification of the ocular is naturally of no 
sequence This is the general case. Generally these microscopes 
manufactured so that they have fixed objectives and fixed lengths of tu 
so that these can not be changed. And further, the whole system 
usually adjusted, so that a quite definite value of length corresponds 
ne revolution of the screw. Usually one revolution is equal to 0.1 
that is if the microscope is directed on a scale which is divided in 0.1 n 
he cross hairs in the field of vision are just moved one division if the scri 
makes one revolution. If the drum is divided into 100 parts, one divisi 
is then equal to 0.001 mm, i.e. with such a microscope, measurements « 


be made with an accuracy of a few ten thousands of a millimeter. Due t 
the great accuracy great care must, however, be taken to eliminate ert 
due to play as described above. 

All devices described in the foregoing which, without exception, 
ilso used for making finer measurements of length, accomplish this 
either, as for instance in the microscopes, magnifying the length to 
measured and then evaluating the magnified length, or, as in the screw 
micrometer, by making visible small movements by magnification, that : 
indicating small movements of the screw in the direction of its axis 
means of a divided drum whereby a movement of a length of about 0 
mm, corresponding to the pitch of the screw, is magnified to a length 
about 30 mm on the circumference of the division drum. This is, afte: 

| 
small lengths or small differences of length, namely the proper magnificati 
of a length or of a difference of lengths respectively. 


4. Test Inpicators, Diat GaAGes 

In all cases in which a very short length must be measured, perh 
fractions of a millimeter only or, what is the same, small differences 
length of two pieces of which the one has a known length, certain device 
can be employed as already mentioned, which are called test indicators 
They serve, without exception, to magnify small changes of length or 
differences of length and thereby to make them more easily visible anc 
ilso measurable (Fig. 26). Both do not necessarily have to be the sam 
as a magnification will not always take place uniformly. In principle 
for instance, the measuring screw is also a dial gage as it magnifies thi 
motion of the screw in its axis into the rotation of the division drum. I: 
a certain sense also the micrometer microscope operates in this mannet 
though it can not be termed a mechanical dial gage. 

First we have the so-called dial indicator. A movable pin, transmit 
its movement in its axis to a gear of such ratio that a displacement of 1 mn 
corresponds to a rotation of the pointer of one full revolution. Thi 
pointer passes over a dial like the hand of a watch, and each revolutior 
corresponds to 1 mm so that if the dial is divided into 100 parts a few 
thousandths can easily be read. The range of such a dial indicator is a few 
millimeters. 


5 


all, the principle of quite a number of measuring devices for measurin, 
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A great number of other constructions of test indicators use simple 
evers whereby the ratios of the levers are made very large, 1 to 10 up to 
1 to 100. It must be noted that by connecting such levers in series, the 
ratios of the levers must be multiplied, that is, if one has two levers the 
irms of which have a ratio of 1:50, and if the short arm of the one is moved 
i little then the end of the long arm passes through a fifty-fold distance 
ind if this again acts on the short arm of the second lever the end of the 
long arm covers a 2500 times longer distance. Details of all these con 
structions will not be discussed. Only one frequently employed con 
struction will be considered, the so-called Hirth-Mimimeter (Fig. 27) 
which uses only one lever arm which is supported like a balance on a center 
knife-edge and where another knife presses on the one end of the lever at a 
distance of only a few fractions of a millimeter from the center knife-edge. 
The free lever arm lengthened to about 10 cm, serves as the pointer so 
that magnifications up toa thousand times can be obtained within however, 
1 very small range. 


5. SpeclaL MEASURING APPARATUS 

In the following, a few special constructions of higher-grade measuring 
instruments will be briefly considered. 

First, a general remark on all those measuring devices, which are pro 
vided with measuring-microscopes and micrometers, may be made. When 
adjusting such microscopes the following is of very special importance 
It is a condition for the good operation and correct measurement with 
such microscopes that the image of the object falls into the plane in which 
the adjusting threads of the micrometer are located. As long as this is not 
the case an accurate measurement is not possible. To obtain this condition 
one must proceed as follows: at first the microscope is directed against a 
brightly illuminated surface so that the field of vision is uniformly illu 
minated for example against the sky; then the ocular is adjusted until the 
cross-hairs are clearly defined. This must be done very carefully in order 
not to put unnecessary strain on the eye, in other words: the adjustment 
of the eye when looking at the cross-hairs should be exactly the same as 
when looking at distant objects. For this reason, the adjustment against 
the sky is the most advantageous. This position of the ocular is not 
changed, and then the whole microscope is adjusted to the object by 
changing its distance from it. This adjustment is completed only when the 
object appears perfectly sharp, as distinct as the crosshairs. This can be 
recognized very simply by the phenomenon that the object apparently 
does not move with respect to the threads if the eye is moved a little to o1 
away from the ocular. If by moving the eye, objects and cross-hairs 
remain perfectly stationary with respect to each other, the plane of vision 
and plane of cross-hairs coincide exactly. Then only is the adjustment of 
the microscope completed, and one achieves simultaneously that, if another 
observer with other vision wants to work with the microscope he has only 
to change the position of the ocular to full sharpness of vision without 
changing the adjustment of the microscope. The careful observance of this 
rule for all microscopic measurements can not be emphasized sufficiently. 

An instrument which is frequently used in chemical laboratories due 
to its flexibility is the thickness indicator (Fig. 28). It consists essentially 
of a measuring rod which is suspended with a counter-weight so that it 
can be moved in the vertical plane and rested on the object with only 
slight pressure. Its upper end carries a measuring scale against which one 
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of the usual micrometer-microscopes is directed. This scale is usu 
livided into 0.1 mm. In its extension downward the rod has a cont 
ball where other contact pieces can also be attached. The stand carri 


it the bottom a well planed plate, the plane of which is exactly at righ 
ingles to the axis of the rod and on er the object to be measured 
placed. For the measurement, the rod is lowered to the plate then tl 
zero line of the scale appears in the field of view of the mi ! 
micrometer is adjusted to this line and a reading made. After this, tl 
rod is 1 used, the object to be measured placed on the plate and the 1 

again lowered until the contact point touches the object. Care must 

taken that the object is placed so that, for circular objects, the actu 
diameter is measured, in a cylinder the largest diameter, the same for 
sphere, or, for the tube of polarisation apparatus for determining sug 
the real length of the axis of the tube and not a length from the center 

the front surface at the bottom to a point at the side of the center of tl 
upper surface, which of course, would give a value, which is too larg 
In the field of view of the microscope another line will appear at the pl 

where the threads are, or, what is the same, the adjustment threads will | 
apparently between two lines, and so the length can at first be approximate! 


croscope. TI 


detersined to 0.1 mm and then the distance between threads and next 


line must still be evaluated with the micrometer. The microscope 

arranged in such manner that one revolution of the drum is equal to 0.1 m: 
so that the conversion of the differences of adjustment into millimeters 

easily made, and the numbering is chosen so that the direction of tl 
correction becomes clear directly. The actual length of the object « 

therefore be immediately determined from the differences of the tw 
readings of the drum to a few ten thousandths of a millimeter. One mu 
only take into consideration that the image is reversed in the plane of 
threads of the microscope 


) 
j 
} 


th 


Another apparatus, which is of importance to the chemist for prec 
length measurements and especially for measurements of pressure, is tl 
cathetometer. It is a special device for measuring flength in verti 
direction. Its types of construction are different, two principal forms cat 
be distinguished. In each case, a vertical column is provided along whic! 
one or two microscopes or telescopes can be moved. (Whether these 
they are only built 
istances since cathet 
meters are used for measuring with very short object distances of perhay 
a few centimeters up to longer ones of about a few decimeters to one mete! 
and more.) The microscopes also can be moved along this vertical a 
Their optic: il axes are perpendicular to the column which is ascertait 
special devices. Two possibilities exist; either, only one anne 
used and a scale is attached to the column, and the position of the micri 
scope is transmitted to the scale in some way. With moderate accuracy 
by means of a vernier attached to the carrier of the microscope and glidir 
over the scale, or, for greater accuracy, by means of a micrometer-micr 
scope also attached to the microscope carrier. If, for instance, the height 


microscopes or telescopes is immaterial for use as 
differently in order to be able to adjust to suitable d 


of a mercury column in a barometer is to be measured the sighting micr 
scope is adjusted to the lower meniscus of the mercury and the position ot 
the column is read with the vernier or micrometer microscope; then thi 


whole is shifted to the level of f the upper menscus of the mercury, adjusted 


again, and the scale is read and in this way the exact height of the mercury 
column is brie} 
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The other method attaches the scale not to the column but places it 
separately alongside the length to be measured. Here two microscopes 
are most advantageously used with the cathetometer. They both are 
sighted on the ends of the length to be measured, and after this has been 
done the cathetometer is turned round so that the scale appears in the 
field of vision. Then one adjusts to the scale and the exact length is read. 
In simpler constructions, this is also done by the use of only one microscope 
by first making the measurement at the lower end and then at the upper 
(Fig. 29). 

When carrying out a measurement of this kind several precautions have 
to be taken. First it must be ascertained how the length to be measured 
is situated, whether in fact an exactly vertical distance is measured whereby 
it is, of course, not necessary, as is the case in a mercury barometer, that 
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both menisci are located exactly vertically above each other. Only t 
listance of the two horizontal planes of these two menisci is of inter 
1 fact which, however, sometimes makes the measurement somewhat n 

difficult. Further, the scale must under all conditions, be placed verti 
is it is quite obvious that an inclination of the scale apparently chan, 
its length as a simple calculation shows. A scale of the length | whicl 
exactly at right angles to the axis of the microscope has, at a deviatiot 

the angle of this direction the apparent length | cosa. Its shortening ther 
fore amounts to! (1-cosa). In the following the values for this are tabulat 


The same, of course, holds true if the scale 1S pl iced into the cathet 


meter. A satisfactory measurement would, in this case, only be obtain 
if scale and length to be measured lie exactly parallel which, however: 
cannot be recommended. And finally, care must be taken that both opt 
ixes of the microscopes must be exactly horizontal. In this respect 
must consider: if in adjusting the microscopes these are sighted on the tw 
ends of the length to be measured while the axes of the microscopes 
parallel that does not mean that these axes remain parallel if the colum: 
of the cathetometer is turned for adjusting to the scale. 

Practically, one therefore proceeds by correctly adjusting the cathet 
neter. In the first place this requires that the column be exactly vertic 
To be able to carry out this adjustment every cathetometer is provide 
with three adjusting screws and the necessary number of levels. If 
column is to stand exactly vertical it must be in the intersection of tw 
planes which themselves are vertical. 

This vertical adjustment of the column must be made as carefully 
possible, it can, however, never be perfect as naturally the column is neve 
a perfect straight line. In all cases, therefore, the adjustment of the micr 
scopes is of importance. If one microscope is used for alternate adjust 
ment at the lower and upper end, and if the cathetometer itself carries the 
scale, the transmission of the length to be measured to the scale is correct 
only if the microscope in both positions is exactly horizontal and thus 
parallel to itself. A simple calculation as before shows what must | 
required in this respect. For this reason, also the microscopes are provided 
with levels making an exact horizontal position possible. It is not abso 
lutely necessary that the optical axes of the microscopes are exactly hori 
zontal, it is only necessary that they are parallel in both positions. If the 
scale is placed beside the object to be measured the same rules hold. It 
must also be taken into account that the inclination of the microscope 
axes can change when the column is turned. There are, therefore, quite a 
few precautions to be observed if accurate measurements must be obtained, 
especially if the distance between cathetometer and distance to be measured 
is comparatively large. If two microscopes are used for adjustment and 
separate scale is employed then the principal condition is that the axes 
of both microscopes remain in the same horizontal in both adjustments. 
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CHAPTER II 
Industrial Temperature Instruments 


Part 5—AUTOMATIC TEMPERATURE CONTROL 


(¢ Yoncluded) 


8. Valve and Damper Apparatus 

Upon the operating and flow characteristics and efficacy of valves at 
their motors largely depends the success or non-success of automati 
temperature control installations. It always requires power to operate 
valves and dampers. Temperature control instruments (other than the 
self-operating controllers) are not sources of power, and the modern trend 


] 


is to take away from them even the function of directly governing the 
application of power. Recent developments are characterized by ingenious 
interpositions of relays—some instantaneous in their action, some purposely) 
delayed—by greater flexibility of the power systems and by correct engi 


] 


neering of valves and valve-operating mechanisms—providing rangeability 
and adjust ibility with regard to the desired mode of control. The import: 
ance of these recent developments makes it necessary to devote this specia 
section to some of them. 

1] , ] — 
Lk 4 


In recent years several companies have methodically accumulate 


ngineering data and as a result have been able to design new series of 
operating devices and controlled valves. The new valves themselves are 
of distinct interest to the users of this Handbook, but even more so is th 
information on which their design was based. As was stated above, 
such information—or what there was of it—heretofore remained jealously 
guarded, and what little of it came out was applicable only to specific 
installations. The first systematic treatment appears above under “Modes 
of Control.”’ It is general and is the author’s own. The following specific 
discussions are, of necessity, largely based on the findings of several different 
manufacturers’ engineering departments. It is indicative of the amount 
of work yet to be done that in each of the original manuscripts and bulletins 

received from different manufacturers there appear statements at varianc 

with those contained in others. Temperature control engineering, evi 
dently, is a young science indeed—to most practitioners only an art, to 
some a mere knack born of hard experience. 

As in the case of radiation and optical pyrometers, the most convenient 
classification is simply into the various makes. In outside appearance 
different makes of diaphragm-motor valves, for instance, might look much 
alike, but the obtainable modes of control would differ—not only because 
they are connected to different instruments but because they are differently 
engineered. The same applies to electric motor valve mechanisms 


*Engineering E ditor 
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Recent Control Valve Developments 


Up to 1928 and 29, when the first significant developments in 

7 1 1 1 ‘ 1 
etric control came out, together with improved electric valve ope 
mechanisms, the fluid relay temper ntrollers provided the 





1 j + 1 % 1 ee an : 
eclipsed, but in 1930 they began to ne back. The method of at 
] } } A 4 lems smwe Mawicu 
followed by the instrument manufacturers did not involve new desig 


’ flexibility. For awhile they wu 


nuch as refinements of various elements, some far removed from instrum¢ 


t 

final elements of control systems—the valves. As if in answer to 
slight the Foxboro Company has just sent us an interesting treatise 
control valves, bearing evidence of years of research on that one parti 
subject. Some extracts are reproduced below with very little edit 
The engineering information which has been accumulated by that org 
zation in the course of many years has been in actual use for three 


ind the Company states that its validity has been proved in pr 


' 
L pid 


This is understandable on reading the entire treatise which sums up t 


information. We must, however, take issue with one of the major pren 


on which one line of argument is developed in the treatise: The assumpti 


is made (though not stated in these exact words)that departures fr 


normality are proportional to changes in demand. Reference to our 
cussions on pages 431, 438, 439 and 451, will show that this is not so 


cannot be so. Excellent as is the principle of air operation, it has precis 


: ] 1 : . —_ >anda nies 
the one significant limitation that it cannot recogn rate and directi 





change in demand. This criticism, however, affects only some of 


introductory remarks in the following discussion. 











juirements 
+ the ntr et 
ence t low ( es 
; Se “a 
ior 
tions s that in oper 
to “floating or throttling act 
isted t nsat r variati 
s do with the 
process but us y en al shut a 
can be obtained with balanced or single bevel-seated valves and “throttling or floati 
action” requires valves with desirable flow characteristics 
It is possible to use val g action on open and shut applic 
because it is the control in he valve reactions. On the other 
it would be in ) pe nd shut reacti 
applications, because to the “floating” cl 





instrument. 


1 , , wer Sia 
In valves designed for open and shut action we are interested only in the flow at 


+} 


opening. The size of the valve is important, but its flow characteristics are not. In val 





designed for floating or throttling action we are interested both in the flow at all openi: 
and particularly in the rate of change of flow. Flow characteristics, therefore, become \ 
important. 


A “floating action” controlled valve is under constant automatic control and is, there! 
more than a valve—it is an adjustable orifice or opening, adjusted 
4 





t 
control instrument in accordance with the process demands. It 





complete control equipment, and to work properly it must have various characteristics 1 

] } j ] 1] } te lly tonto } 
found in ordinary valves. The degree of accuracy of control will be materially affected | 
controlled valve lacking these characteristics. 


“When the process requires floating or throttling valve action, the most important 


characteristic of a controlled valve” (according to the Foxboro Company) “is that the v 
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duce equal percentage change in flow for equal increments of lift. This statement shou 
entirely clear when it is understood that in any control problem the supply of controll 
{ium must equal the der 1; a ten percent change ir mand requires a ten perce 
nge in supply to establ librium 
‘At some particular control point the same percentag inge in demand will alway 
it in the same deviation-potential (force tending to cause the process to deviate from tl 
ntrol point).* The same deviation-potential will always cause a properly designed contr 
strument to effect the same change in valve lift.* Therefore, since an equal percentage 
inge in demand must produce an equal percentage change in supply, it is obvious that 
| increments of lift must produce equal percentage changes i x 
Foxboro engineers designed a controlled valve to give the flow characteristics (shown 11 
Fig. 140 because they were familiar with the ibove mechar il requirements a! ecause 
the following important points 
1) Acontrolled valve having a parabolic characteristic flow curve with its origin at zer 
vill not produce equal percentage changes of f] w with ed l increments of lift (refer t 
Curve No. 1, Fig. 142 
2) Controlled Valves in actual service \ flows according t eir chara 
teristic flow curves because of tl f \ ire drop through the line, fitting 
ind other equipment in the line 
The following discussion will d ted a parabolic type of flow 
irve and a special V-port type of \ icatior 
Definition—The expression “Controlled Valve” is descriptive of a valve capable con- 
trolling flow. Webster's International Dictionary s ntrol” in part as follows 
To check or regulate expenditure; to exercise restraini1 lirecting influence; t mi 
nate or regulate; to hold from action; to curb, subject and overpower 
In every sense of the word there is a meaning of retardation or restriction which gives t 
the controlled valve a function directly opposite to that desired of any other fittir equij 
ment placed in the line of flow. Therefore, it is logical t nsider that trolled valves 
pce a and at the same time pass only the required quantity 
Before considering the functions that permit « lled valves to accomplish their pur 
se, a brief statement of the fundamentals of aut ic control is 1 
Every coritrol problem—manual or automatic—is essentially one of controlling rate 
flow, whether it is B. T. U.’s in temperature contr sas or liquid in pressure and flow « 
trol; or liquid in level control 
All applications of control require that the supply of controlled medium be equal to the 
lemand, £ ber the period of time over which these equalities must exist might vary widely 
Another determining factor in classifying control problems is the effect of “process lag 
Process lag may be defined as the influence of the element of time or rate of change upon tr 
effect of any physical reaction within the process. When aut tically controlled, the most 
important physical reaction is th it caused by the controlled valve itself 
The automatic control instrument must cause the correct reactior the con al ve 
to maintain the correct rate of flow for the desired control point With uir-operated cor 
trolled valve the reactions are caused by the instrument transmitting varying pressures 
to the diaphragm of the valve motor. The most important function of the instrument 
therefore, is that it be capable of transmitting pressures to the controlled valve motor, whicl 
ire proportional to the deviation-potential (force tending to cause the process to devia 
from the control point.)* Correctly designed instruments with required sensitivity wil 
react to the oe ar of the deviation-poter tial ** and will counteract the deviation by 
transmitting a rate of change of pressure to the diaphragm motor, proportional to the rate 
f deviation. Control will be maintained if the controlled valve is capable of causing a rate 
f change of flow proportional to the rate of change of diaphragm pressure 
Assuming that the instrument used in connection with an air-operated controlled valve 
in transmit pressure to the diaphragm-motor of the controlled valve , in direct proportiot 
to the tendency of the instrument to deviate from the control point, or transn it rate of change 
t pressure proportional to the rate of deviation, we are read} msider the design and flow 
haracteristics of a controlled valve capable of saadie ing proportionate rates of change of flow 
The Foxboro air-operated valve motor is designed to give rements of valve-lift 
with equal increments of pressure change on the diaphragn I >, it is possible to dis 
gard the diaphragm-motor as well as the instrument at t flow against valve-lift, t 
present the flows produced by the instrument itself 
*These statement g f g t posses 
we above 
rided this ‘“‘deviation potentia rresponds alu 8 x t 
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P nate ~ecacnted hy 
to a position represented Dy 
(100% X log 0.1 * 12.59 10% of lift 
If the original flow had been 79.43% of the total flow, a 12.2% increase (a flow represented 
by 89.12%) would require the valve to move from a position represented by 
(100% X log 0.1 79.43 10% of lift 
to a position represented by 
(100% log 0.1 * 89.12 5% of lift 


This example represents values from Curve No. 1 of Fig. 141. The same X values may be 
picked up from the other curves on Fig. 141 and when substituted in the e juation will give 
equal increments of lifts, but these increments will be smaller for each successive curve 
The curves shown on Fig. 141 represent four curves of the general form Y =C Xlog AX 


except that different relative values are used for C and A 


An examination of the mathematical equation (Y =C Xlog AX), shows that in order for 
X (the flow) to have a value of zero, Y (the lift) must have the imaginary value of minus 
infinity, since the logarithm of zero is minus infinity l 141 give equal 
percentage increases in flow with equal increments of lift in their valve 
of X, when Y is equal to zero. The nearer X is made toa 
percentage of total lift required to produce the small per y 
represents this relationship. Curve No. 1 shows that approxima 
is required to pass 15% of the total flow. The greater curve 
by 37% of lift on Curve No. 2; by 59% of lift on Curve No. 3; and by 
Curve No. 4 





= 





Fig 








Other Curves with Desirable Characteristic An empirical study of curves, with other 
possible functions of X and Y, shows that a curve of the parabolic type is very similar to 
Curve No. 1 or No. 2 of Fig. 141, if the origin of this parabolic curve is located at some value 


between 5 and 8% of the X scale. The equation for this curve is 

Y?= AX 
Using a value of A =100 in the parabolic formula (Y? = AX), X and Y m 
percentages of their totals and the origin of the curve will be at zero. To plot parabolas in 
which X has values greater than zero when Y equals zero, the equation becomes 


iy I € ext ressed in 


C 
Y?=100 


C the value of X wh 





Curve No. 1, Fig. 142 (p. 516), is an ordinary parabolic curve plotted from the equation 
Y?=100X, thus its origin 1s at zero. Curve No. 1a is the perfect percentage curve which 
has its origin at 0.1 (practically zero). Curve No. 2 and No. 2a show the relations of the 
functions of Y* =AX and Y =C xlog AX, when their constants are such that they have 
three points in common, distributed over the X axis. Their equations are given in the lower 
right-hand corner of Fig. 142 
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Ac mparisor f the perc entage relati ns betweer Curves No land Ni 2 is sh« Wn ll 

| The change in lift from 5% to 15%, on Curve No. 1 gives a percentage 
, and a change of lift from 85% to 95% gives a change in flow 
1. Referring to Curve No. 2 (which has its origin at 8% 


t 
ad , > > - > 
to 15 gives a percentage increase of 
tf ( ny = 





change in lift from 
from 8507 to 95° gives a percentage increase of 22 2% It 1S eV » 
dinary parabolic curve with origin at zero is very unsatisfactory in producing equal 
centage changes of flow with equal increments of lift. However, around fifty per cent 
values the percentage increase for the same increment of lift may run as high as 27.5 





( neretore, that 





Although the ibove curves are mathematical, they represent flow characteristics wher 
constant pevenane drop is maintained across the valve orifice. A study of these curves | 
shown that a par bolic type of curve is quite desirable provided its origin is located at t 
proper point on the X axis 


Valve Design—Consideration is now given to the design of a practical type of valv. 


produce this characteristic ty curve. More constant relationship between lifts and { 

an be obtained by using high lift to represent required flow n designing a valve for hi 
lift, it is of course desirable to use some piston type of valve plunger. This piston or pl 
may be shaped to give parabolic characterist ics by machining it to produce the desired ar 
between the wall of the piston and the seat ring, or by using a cylindrical piston with desira 
port areas in the skirt 


order to produce the small areas necessary for small flows. The perimeters of these narr 

annular openings are enormous compared to their areas, which causes wire-drawing 

If, in an effort to reduce the velocity, the designer should use large port areas, it would m« 

only that the valve must | 

fluid, under the same conditions. The valve should be sufficiently small so that it wi 
erate in a nearly closed position at normal flow 


In the shaped plunger type, extremely narrow annular openings must be tolerate 


ye in a more nearly closed position to pass the same quantity 


A circle has the smallest ratio of perimeter to area but a controlled valve with an adjusta 
circular opening is impractical. In any piston type of valve plunger it is highly desirable t 
keep the diameter of the piston a minimum commensurate with strength and required | 
area. An equilateral triangle has a small and constant ratio of perimeter to unit area 
permits adjustment of its area by one motion along its altitude. It, therefore, has a deci 


advantage in maintaining its flow,characteristics under condition of unavoidable high velocit 





Fortunate ly this same geometrical figure, the triangle, which has certain advantages ur 
high velocities, als produc esa parabolic curve tf its altitude is plotted against its area 

It has been shown that if parabolic curves are to be used for valve characteristics, it 
desirable that the valve have a certain initial flow in addition to the flow through the 
area. The mechanical construction of a V-port valve provides that there must be some 
between the seat ring and the piston in order to eliminate binding and to permit free p er 
tion of the plunger. Also there must be some manufacturing tolerances in the sharpness 


the apexes of the V Calculations show that when these clearances, together with t 




















INSTRUMENTS Page 


August, 193 


itial areas of the apexes, are made sufhcient to give the desired initial flow, they are still 


ractical as far as the mechanical and manufacturing construction of the valve is concerned 


Advantages of Renewable Plungers—If the computed valve size proves too large in actual 
service, it is a simple operation to replace the original plunger with one of smaller port area 
In emergency it has proved practical to close a sufficient number of ports to obtain the correct 
effective valve size | 

Rangeability of Controlled Value—The ratio of the maximum controllable flow to minimum 

ntrollable flow gives the rangeability of controlled valves. This value must be large enough 
to permit the controlled valve to ‘“dominate”’ all other factors tending to control or influence 
the flow. 

Curve No. 2, Fig. 142, shows that the range through which a practical parabolic flow 
curve gives equal percentage changes in flow with equal increments of lift is from about 8% 
to 100%, or a rangeability of better than 12 to 1. 


This rangeability represents the permissible variations in pressure drops as well as varia 
1s in flow, and with either given, it is a simple matter to calculate the permissible variations 
the other. For example, knowing that area is directly proportional to the flow and inversely 
proportional to the square root of the pressure drop, it follows that with a valve having a 
rangeability of 12 to 1 and a condition requiring a rangeability in flow of 4 to 1, a variation 
of 9 to 1 in pressure drop could be tolerated sinc2 


12 12 \* 
: ressure drop or ) 
4 Y : [ ( ; ) 


P,* ~ 2 
maximum flow ; max nit : 
en F, (rangeability of flow); : - =P, (ran zeability 
minimum flow min. P; —max. I 


WI 


pressure drop); and V. rangeability of controlled valve; the permissil le variation of one 
in terms of the others can be determined from the simple formula 


i: 
ri (=) 


It is apparent that maximum P» must be less than minimum P, or P, will have a minus 
value and give imaginary values to F, and V, 


Changing the above formula to the form V,;=F, ¥P, it is apparent that excessive maxi 
mum flows or diminutive pressure drops, at maximum flows, will result in excessive values 
of V,. Any values of V, greater than 12 will mean that conditions may be outside the 
practical range of a parabolic characteristic, and the dita should be investigated to determine 
possible excessive values of maximum flow or diminutive values of pressure drop at maximum 
flow. If, however, the investigation proves that the rangeability must exceed 12, the mini 

y¢ 
mum value of X can be calculated from the simple formula, minimum X = a © The mini 
r 
mum value of X may be used to determine the necessary logarithmic curve of the form Y =C 
log AX, Fig. 141. Unless the required curve lies between Curve 2 and Curve 3 (i. e., 
minimum X is greater than 1 or V, is less than 100) it is apparent that the flow characteristics 
are impractical because of probable excessive wire-drawing at low values of lift and the 
possible excessive influences of pressure drop through line and fittings. To appreciate the 
importance of the latter it is necessary only to recall that pressure drop is proportional to 
the square of the velocity. Thus a rangeability of 25 to 1 in flow would require a rangeability 
of 625 to 1 in pressure drop through the line, fittings, and other equipment in the line of flow. 


If such extreme rangeabilities are to be met, it is absolutely necessary that the pressure 
drop through the line at maximum flow does not greatly exceed the pressure drop across the 
valve, at maximum flow. 


Influence of Pressure Drop through Line and Fittings—The flow curves referred to above 
have all been mathematical expressions of the relations of X and Y and are properly called 
flow characteristics, but it must be understood that the flow values represented by character 
istic flow curves, will be produced only when constant pressure drop is obtained across the 
valve port area. 


In actual applications controlled valves are always installed in lines and the locaticns of 


reasonably constant pressure are always some distance away. The practical pressure drop 


*P, =Upstream pressure. P2: =Downstream pressure 
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available a be equal to the minimum pressure difference betw 
the tu » pressure, minus the pressure drop through the lir 


ng between these locations. Considering that the 


pressure drop through all fittings or equipment 





directly proportional to the distance and to the square of the velocity, it is evident th 
trolled valve is not the only factor tending to control the flow 
r 4 : } j 
According to Webster's definition of control, a controlled valve must be capable of 
nating,” “subjecting,”’ and “overpowering” all other factors tending to control the flow 


ves Nos. 2, 3, 4, 5, and 6 graphically illustrate how the fl 
Curve No. 1 may be influenced by external fittings in the 


valve of pressure drop at high flows 


Referring to Fig 
characteristics represented by 
of flow, robbing the cont 





J 


For example, if the parabolic Curve No. 1 represents a flow through a controlled valve 
such port area that a 10 lb. pressure drop would pass 100 gallons per minute, when 
valve was fully open, and fittings were installed in the line of flow such that they absorbe 
50% of the available | ure drop, the flow characteristics of the entire syste 
would be represented o. 2. Under these conditions the controlled valve wi 
have 50% of the available pressure drop and the flow would be proportional to the squat 





ae . 
UO ‘ . atm ( ‘ IO ( 1 O07 ] 
root of yo,» 0Fr the new flow would be LOO‘, & \ 0.7% of original flow 
LOO‘, 100! 
Other ia oints in these curves are determined byasimilar mathematical calculation involvis 
the hydraulic flow formula. For example if this controlled valve is required to pass 50% 
50° 
" . eae nw at ; 
its full Capacity (Of % ot 70.7% P) 359%, , the line and httings would have 100° 
OO 


me il 


5 lbs. = 1.25 “ drop and the controlled valve would have the remaining 8.75 lbs 
The controlled valve. therefore has 87.5‘ © OF the available 10 lbs drop and the lift wot 





ee 
‘ " on a . 106 
correspond to the lift on Curve No. 1, required to pass 35.35% multiplied by y 
87.5%, 
that is 59.45% 1.034 =61.5% 


Curves Nos. 3, 4 5, and 6, Fig. 143 are determined in the same manner and represent 
respectively characteristics in which 75%, 87.5%, 93.75%, and 99% of the total available 
pressure drop is effective as drop through the line and fittings. Thus, the effective pressur 
drop across the valve (“E™ in the equations) is equal to the full available pressure dri 


minus the pressure drop through the line and fittings 


Independent Variations in Pressure Drop—Inasmuch as a single curve in one plane wi 
represent only two variables, it is necessary to assume constant pressure drop in plotting fl 
characteristics However, this pressure drop can not be considered as existing only acros 
the controlled valve, but we must consider constant pressure existing at two remote poin 
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ne up stream and one downstream from the controlled valve. Under these conditions 
could represent the effect of fittings or other resistances in the line of flow with the 
ntr¢ led valv e 
If in actual operation, these points of assumed equal pressure actually vary independently 
the flow, the variations would be represented as caused by additional or less fittings or 

sistances before or after these points. If the variations cause greater pressure difference 

tween the two points, the effect would be the same as removing some of the resistance 

tween the two points. Such variations in resistances of external fittings cause the curves 

shift their values of lift for the same flow. It is evident that the variation in pressure 
rop between these two points does not affect the pressure drop through the line and fittings 
s long as the flow remains constant; but the entire variation in pressure drop is effective 
in varying the pressure drop across the controlled valve by the whole amount, thus we have 
hanged the ratio of pressure drop through the valve to pressure drop through the line and 
fittings for the same conditions of flow. Referring to Fig. 143, this would correspond to 
cating the same flow values on the various curves and reading the required lift on the lift 
Ss ale. 

Characteristic Flow Curves and Their Mathematical Equation The only factor that 
in prevent a controlled valve plotting a characteristic curve identical to the curve repre 
senting the relation of its areas to its lifts, is valve-bcdy resistance which prevents the port 
srea from receiving the full available pressure drop. This resistance obeys the hydrauli 
formula and may therefore be expressed mathematically. Variations in efhciency resulting 
from openings, of various shapes or sizes, come under this same classification and the curves 
will still obey the general formula. Because of this fact all curves represented so far have 
been expressed as mathematical curves, thus avoiding errors and innumerable tests and 
permitting the correctness of the curves to be checked mathematically 

A characteristic flow curve determined by actual experiment and plotted on the same 
scale with the mathematical or empirical curve, representing the relations of valve lift t 
valve area, would show a marked relationship between the percentage of valve-lift and the 
percentage of deviation of these curves. An empirical study of the relations of their X 
values would give correct values to the constant of the general equation and thus make 
it possible to express, mathematically, the resistance effect of valve body or external fittings 

As an example, a controlled valve may be used of such construction that the relation of 
valve-lifts to port areas plot a parabola such as Curve No. 1, Fig. 143. If the actual character 
istic flow curve of this valve is similar to Curve No. 2, Fig. 143, the port area of this valve 
must be so large that the valve body resistance robs the valve port of approximately 59% 
f the total drop when the valve is wide open 

In the ordinary bevel-seated valve, areas are directly proportional to lift. Thus the 
general formula would plot a straight line, the slope of which would depend on the values of 
the X and Y scale. The maximum port areas of these valves often greatly exceed the line 
urea. Thus the pressure drop across the valve body greatly exceeds the pressure drop across 
the port area when the valve is wide open. This type of valve would of course pass more 
fluid, but the flow characteristics would be very similar to Curves No. 5 and No. 6 of Fig 
143, except that the flow values of 25% on Curve No. 5 or 10% on Curve No. 6 would 
represent 100% flows. 

The upward trend of the characteristic flow curves of ordinary bevel-seated valves is a 
result of the fact that the pressure drop across the port area is very small compared to the 
pressure drop across the valve body. 


Compensating for the Effect of Pressure Drop through Line and Fittings—Referring to Fig 
143, it can be seen that Curve No. 4, and especially Curves No. 5 and No. 6, would pass 
very little increased flow if the lifts were increased indefinitely or if the valve was completely 
removed from the line and replaced by a short nipple the size of the line. Under these 
conditions the external influences have become the controlling factor and the controlled valve 


has practically lost its ability to “dominate” or “overpower.” 

One noticeable characteristic of the curves on Fig. 143 is the decided tendency to coincide 
at the lower positions of lift. For example, at a lift of 35% the flow value of Curve No. 5 is 
within 834% of Curve No. 1; ata lift of 60% Curve No. 2 is within 6% and Curve No. 3 
is within 15% of Curve No. 1. Therefore, if conditions of pressure drop and flow would 
permit the use of that section of Fig. 143 bounded by a flow of 35% and a lift of 59.16%, 
the controlled valve would more nearly maintain its flow characteristics throughout the 
entire range. The use of smaller port areas would accomplish the same result. 

The dotted section of Fig. 143 shows that efforts to increase flows by increasing the lift 

or valve area) will cause wide deviation of these curves unless the effects of external fittings 
are comparatively small, or the major portion of the total available pressure drop at high flow 
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Fig. 144. D stics 
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proportional to the ter, the pressure drop is inversely proport 
to the fourth power it is obvious that the diameter would 
important than the length of the pipe 


bass Adjustment with Throttling Action Control—One of the 





Impracticabilit 


purposes of controlled valves is to compensate for unavoidable variations in pressure uj 
downstream from the controlled valve. These variations may be due to changes in velo 





as well as pressure variations at the source or final downstream point—such as steam pres 
at the boiler hor 
Regardless of the A these varia 1s in pressure drop greatly affect the permis 
1 val ns of variations in pressure drop, f 
tail under ““Rangeability of Controlled Valve 
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flow variations 
| afl in 


ind rangeability have been discussed in 





The rangeability of control obtained with a controlled valve in actual application is r: 


sented by the ratio of maximum controllable flow to minimum controllable flow 
attempt to use a by-pass will increase both maximum and minimum controllable flows, 
unless the controlled valve is actually too small to produce the required flow, the e 
flow through the by-pass is not required, and the increase in maximum controllable fl 
never used. Consequently the operating rangeability of the valve is reduced to an « 
greater degree 

It is interesting to note that, as its origin moves to the right, the percentage curve 


pletely crosses the parabolic curve and the curve does not express nearly as correct 
centage relationship as it did in its original position with no flow through the by-pass 


Even if the by-pass is adjusted because the controlled valve is too small, the resulting t 
characteristic curve ; serfect percentage curve deviate, and the greater the proj 


i .< 
of flow through the t he greater the deviation. 
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Recent Developments in Electro-Mechanical Valve Operating 
Mechanisms 
References have been made to these oo yran oom 
of two more organizations are of special interest 
ature Control Company in the field of pyrometric control 


per 


Meter Company in the field of large 
power and ruggedness. 


Th 


The Automatic Temperature Control Com 
Handbook a great deal of material from which it 
brief extracts, whose interest lies especia 
discussion on Modes of Control. , 
cussions, a general discussion of such devices, written 
by the Brown Instrument Company, is eminently in or: 
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By adding a second motor to the control mechanism, the operating range of a three-] 
mechanism can be increased to cover the entire range of the control valve, thereby el 








the necessity of manual adjustments when appreciable changes occur in furnace demand or 
Suk 3 ‘ mee & +s . a ! 1 1 
fuel line pressure. The term “floating” three-position indicates that while the action of the 


mechanism is primarily that of a three-position type, the second motor enables the mechanisn 


lever arm to take any position throughout its entire range of movement to correspond to the 
mI le P r 

middle or normal position of the initial stroke motor. This type of mechanism combines the 
idvantages of the simple three-position mechanism with the wide operating range of the 
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features. The “throttling’ or ‘balancing’ controller has the desired fea 


troller has sired fe 
three-position controller with the additional feature of being able to rea 
valve position to meet a change in the normal furnace fuel demands. Thise 
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that if the temperature departs from normal, a very quick but 























ry q K ] Sitive 
If this does not correct the condition, after a set 1 time ntit n 
As soon as the temperature starts to return to rrect value, the correct normal for the 
ntrolling medium is immediately anticipated and the valve changed accordingly Thi 
type of controller stabilizes conditions, prevents hunting and tak re of slow or fast 
anges and large or small changes in conditions 

The five types of controllers, listed below with a typical installation for each type ! 
be classified as giving five different ‘modes of control.’ 

‘Two-position”’ for single valve control where both a1 table minimum and maximun 
opening is required, such as for gas-fired furnaces, operat n the pressure type one pipe 
system 

On and Off” designed especially to operate a single valve or damper fron r partly 
opened to a fully closed position. A by-pass is usually requir 

Floating” for regulation of pressure or level where there is a prompt response at the 
actuating instrument to valve, damper, or louver adjustment 

Three-position’ especially adapted to fuel fired furnaces where air must be proportion¢ 
to fuel to maintain proper c usticn. Used also for ont e control where bot! 
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A characteristic of the reversing or 
troller is that it is not ordinarily satisf 





mperature regulation due to the time | 
tuating instrument, which results in 


inting 





The following suggestions have prcved quite 
Ipful in oil installations of automatic control 
upment: 


The oil must be thin enough to flow freely at 


all times and kept in this condition by means 
of a heating system 

?—Good combustion and good control of oil 
burners is easily obtained if the control 


valves are mounted below the burner level 
For this type of mounting there is little or no 
tendency for the oil in the pipe line between 
the control valves and the burners to drain 
out while the burners are ata minimum setting 
3—The continual hand manipulation of the oil 
valves asis a prevailing operation to obtait 
proper gasification in the combustion block, 
is generally due, not to clogging burners, 
clogging needle valves or strainers, but to the 
improper installations or applications of burn- 
ers or burner accessories. 
4—Oil burners controlled from one set of contr 
valves should have the same operating char- 
acteristics. 
The necessity for adjusting individual burn- 
ers under automatic control should be elimi 
nated 


wT 


6—A strainer should always be placed before the 


7—It is good practice to place hand valves in the | 
be supplied to the burners when starting up witho 
automatic contro! valve 
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As to timing, it is possible for our type of controllers to regulate the fiow of me 
through the valves in a certain desired time sequence. Some furnaces require the 


tn) 


come on before the gas and to go off after the gas with an intermediate position where t 
Others require the air to open ahead of the gas and t 


mr 


gas is full on and the air half on 
after the gas. In chromium plating the usual practice is to open a gas valve when the temp 
ture is high, both valves being closed when the temperature is normal. These vari 


sequences of operation of controlling valves can be obtained with our standard ty; 


equipment 

The Bailey Meter valve and damper operating mechanisms are represent 
tive of the modern trend. There is no space even for the briefest discus 
sion, but Figs. 150 to 155 are self-explanatory. In connection with larg 
installations, refer back also to the diagram of the Hagan control installatior 


on page 454. 


Combustion Control 

Engineers will recognize Figs. 150 to 153 as applying less frequently 
“straight” temperature control than to combustion control. This latt 
subject comprises also draft control, stoker speed control, etc., and is 
such importance that a later chapter is devoted entirely to combustion c: 


trol instruments. 


Temperature-Time Control 

A clock-revolved cam, which changes the setting point of a temperaitu 
control instrument, transforms it into a temperature-time controller. Su 
instruments are dealt with in a Jater chapter on Duration and Cycling 
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NEW INSTRUMENTS 


Recently Developed by Instrument Manufacturers 
Write Information Section, Instruments Publishing Co., Pittsburgh, Pa., for 
additional Information. 











Full Automatic Weather-Ometer 


(Atlas Electric Devices Co.) 
HE Full Automatic WeatherOmeter of a special type was designed 
for the Naval Aircraft Factory, for the purpose of duplicating weather 
onditions on doped airplane muslin, and veneer wood, used in the manu 
Since these two-named materials must withstand 


facture of amphibians. 
summer heat at a low humidity, bright sunlight at a temperature of 90 


to 120 degrees F., rain as well as high humidity found in a cloud or in the 














rN Aircraft Factor 


sealed hull of the pontoons of the amphibians, this accelerated weathering 
device has been designed to bring about these varying weather conditions 
on a laboratory scale. The sequence of the exposure cycles are light 
alone, one hour, heat and light, one hour, rain and light, one hour, et 
These cycles continue for twenty-two hours. The specimens are then 
removed from the light chamber on the right, inspected, and then placed 
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in the sealed high humidity chamber on the left. In this chamber a rel 
humidity at 100% or dew-point is maintained. Since the specimer 
handled once every twenty-four hours, the removing of the speci 
from light to the high humidity chamber offers an opportunity t 
operator for the daily inspection of the specimen. 


} 


The specimens under test can be 





. “ " ] a 
veneer, fabric, finished metal panels, 


27 





sheet metal, and roofing material, 


x 6 inches in size. Sixty of these 
specimens can be handled at once or 
thirty of twice the length. Meta! 
holders are provided ror textile 
specimens, such as airplane fabric 
These holders are designed to keep 
the specimens under tension during 
the test. The ligh tused is the 
Standard Weather-Ometer Arc. 
The Full Automatic Weather 


Ometer is equipped with electric 





operating timing device, gas and 
mercury thermometers, illuminated | 
indicators, as well as the standard 
| 
i 








' 
tage regulat 


equipment, such as vo 
ing switch, watt meters and volt 
meters. 


* 
Resistance Meter 
Weston Electrical Instrument Corp.) 

This resistance meter, known as Model 506, solves resistance measu 
ments problems in radio servicing by directly indicating resistance v 
from 10 to 10,000 ohms. It can also 
be used for making continuity tests. 





It operates on two flash light cells | 
or any other 3-volt D. C. supply. 
To use, it is only necessary to make a 
series circuit of the instrument, the 
3-volt battery and the resistance to | 
be measured. 

The instrument has an etched 
“volt-ohm”™ scale and is enclosed in 
a 2-inch flush style case. It can be 
mounted on a panel or used as a 
portable unit by placing it in a small 
box together with the two flash light 
cells. 
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New Portable Electro-Cardiograph 
(Westinghouse Electric & Mfg. Co.) 


FT HIS electrocardiograph is extremely light in weight; the complete 
instrument is included in a compact, self-contained unit. No auxiliary 
-quipment is necessary. The instrument requires no outside source of 
nergy for it operates exclusively from dry batteries contained within the 
se. Dry battery operation has the advantages over wet batteries of light 
weight and absence of acid fumes. Replacement of the batteries is neces 
ry only at long intervals. 
The scheme of operation of the electro-cardiograph is as follows: the 
minute currents generated by the 
heart and flowing through the 
body are transmitted to the 
instrument through the elec 
trodes attached to the 2 arms 
ind the left leg. Then the heart 
current is amplified by tubes 
similar to those used in radio 
receivers. The amplified cur 
rent causes the vibration of a 
tiny mirror in the galvanometer 
upon which is directed a beam of 
light. This vibrating light beam 
causes the impulses that are 
caught and recorded by a spring 
motor-driven camera. Fig. 1. TI 





The camera is arranged to re 
ceive standard 100-foot rolls of moving picture filmthat may or may not be 
daylight loading as desired. Individual records can be taken at any time 
without the complication of re-rolling, and the film can be cut at the com 
pletion of each record. 

Although the spring motor has 
i governor to hold the speed with 
in one per cent, some parts of the 
record may not always be within 
the limit. To overcome this 
difficulty, a time marker which 
operates independently of the 
motor, is installed to make lines 
1/25 second apart on the film. yf Vo 
This enables the operator to CAP Lk il Tat ie nfl ep 
discard unsuitable portions, while 
at the same time the marks are 
sufficiently sharp toavoid ocr  ——— ~ td 
ing the details of the record. 

The combined efforts of gal- ne a Sena 
vanometer and amplifier have 
been carefully calculated to pre- Fig. 2 
vent any distortion of the im- 
pulses. These calculations are based on the present standards of 
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second film speed with 1 cm deflection millivolt, and the characteri 
of the recording apparatus. The wave is correct for phase relation 
to the 75th harmonic and the amplitude can be relied upon to values 
cernible on the film. 

The control board has the simplest possible arrangement, makit 
unnecessary to go through complex adjustments to obtain satisfact 
records. 

The circuit used requires no compensation for body resistance or 
currents, thus allowing standardization to be made with or without 
patient in the circuit. Tests show that static caused by elevators, X11 
machines, and other electrical apparatus causes no interference with 
instrument's operation or records. 

ed 


New Volt-Ohmmeter 
(Weston Electrical Instrument Corp.) 
HE equipment of this meter consists of a Model 301, 314” diamet 
meter with ranges of 3, 30, 300 and 600 volts and 2 resistance rang 
0-10,000 and 0-100,000 ohms. These 6 ranges are brought out to bindi 
posts as shown in the illustration. Two toggle switches serve to conn 
the meter in circuit. All voltage ranges have a resistance of 1000 ohms 
volt. A pair of 30” cables with long 
test prods is provided with each “3 
instrument. 

The overall dimensions are 514” x 
358” x 218%” deep (excluding bind- 
ing posts) and the weight is 2.3 
pounds including the self-contained 
“C” Battery. 

Voltage Measurements—To make 
voltage measurements, connect one 
of the test leads to the “*—” Binding 
Post above the meter and the other 
to one of the posts marked 3 V., 30 
V., 300 V. or 600 V. depending on 
the range desired. Set the toggle 
switch at the left to “Volts.” The 
instrument is then available for use 
as a voltmeter. 

Resistance Measurements To 
make resistance measurements set 
toggle switch at the left to “Ohms” and the toggle switch at the right 
R or R/10 depending on whether the use of the 100,000 ohm scale or 10, 
ohm scale is desired. Then connect the test leads to Binding Post X-X 
To compensate for changes in potential of the self-contained 41% volt **( 
Battery, short circuit binding post X-X and adjust the pointer of the met 
to the zero ohm position by turning the voltage adjuster located at t 
top of the name plate. 

Continuity Tests—When checking continuity of circuit follow the sa 
procedure as outlined for Resistance Measurements. The sensitivity 
the meter can be changed to either 1 or 10 milliamperes by operating t! 
toggle switch on the right side of the instrument. This simplifies check: 
up trouble in high or low resistance circuits. 
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Automatic Ratio Control for 


Gases & Liquids 


(Bailey Meter Company 


HIS control finds many applications in steel mills, oil refineries and 
process industries where mixtures of fluids must be definitely pro 
portioned in a given ratio to secure the best results. 
~ Air and fuel for combustion in industrial furnaces may be automatically 
proportioned by this control so as to secure maximum fuel economy. A 


pI 
I 


control of this kind can be applied to both liquid and gaseous fuels or to a 
combination of the two in such a way as to insure the highest combustion 
efficiency consistent with economical operation. Mixing of two or more 
b 


gases or liquids to form a low cost fuel can also be accomplished by this 


control. 











Fie 1 


Fig. 1 shows an installation of the ratio control in a steel mill, where it 
is used to automatically proportion blast furnace gas and coke oven gas. 
Blast furnace gas in itself is too lean and low in heating value to make a 
satisfactory fuel. Coke oven gas is too valuable to use by itself as a fuel 
but a mixture of two parts blast furnace gas to one part coke oven gas forms 
an ideal low cost fuel. This mixture is maintained by the ratio control. 

As will be noted from Fig. 2, the control is operated by hydraulic 
pressure. Any change in the rate of flow in the coke oven gas line is 
immediately reflected by the Bailey Gas Meter connected to that line. 
The recording mechanism of this meter is connected through a system of 
linkage to a pilot valve, stabilizer and Bailey Gas Meter, which meter is 
in turn connected to the blast furnace gas line. If the flow of coke oven 
gas increases, the linkage moves so as to raise the pilot valve, allowing oi! 
pressure to be applied to the “more” side of the power cylinder. At the 
same time, this movement opens the “‘less”’ side of the power cylinder to 
drain. The stabilizer tends to counteract the impulse given by the coke 
oven gas meter. This counteracting effect of the stabilizer is secured by 
connecting the “more” oil line to the upper chamber of the stabilizer and 
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the “less” oil line to the lower chamber of the stabilizer. As pressur 


pplied to the “more” oil line and the “less” side is open to drain, 1 
stabilizer piston moves downward and tends to return the pilot valve 
neutral position which in turn tends to equalize the pressures on 
side of the stabilizer, causing it also to take a neutral position. 
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The stabilizer permits of a quick acting control which does not 
+ - | 
travel or hunt. 

Any desired ratio between the two component parts of a mixture 
be secured by selecting the proper ratios for the meter orifices. A furtl 
idjustment or change of ratio can be had by use of the ratio changit 
device which is simply a movable pivot supporting the linkage in the r1 


nand meter casing 





THE specifying of instruments and devices for 
measurement, testing and control starts with en- 
gineers, works managers, research engineers, test 
engineers, routine laboratories, consulting 
engineers, etc. 


INSTRUMENTS 


can assist you in locating both buyer and seller 
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New Type of Remote Control 


R. D. Bean 
 geeche YVEMENTS in plant design over the past feu rs hav 








measure Dy 1n¢ ised facil various parts thy nerati Instr 

1] eda hace heen deve 

ill kinds have been devel yandr ' rating nclities 
iny Cases instruments are itomati va pre tert ; 1 
r to perform a limiting fu t certair tions de 





The chief drawback with automatic equipment, however ways has been its lack 


iman factor—judgment. Manual operation in many es of power plant ar 

ntrols is still essential because of the need of human interpretation in the us: 

ntrols 

The design of almost all power plants, or process syst 

lications of tl nditions throughout the system are registert ri te 
yages, pyrometers of rious recording 

struments This part of the equipment er ae ct — 
has been developed to a high degree and their 


entralization has become standard practice 


Where a distant valve must be opened or 




































sed to the precise degree required to mak ‘ 
, 4 i 
lesired correction > problem 1s con a 
1 1 i ‘ 1 Ri 
od hv the need of actua tr f the + 
juestion. It is usual for the operator A 
to note the conditions existing in the system “ 
rders to have the necessary T T XxX 
¢ ++ t the rrection re X 
57 
lange required by tl per 
e throug! S nad erator 
frst and interpreted by tt aoe | 
1 } 
rre 10n, when n e.ist | 
r too small. the effect wi yore: 
to the perforr eof the ant of | } 
> ideal irrangement T centr | 
trol would be to place in the hands of tl 
operator in char eans iking hi rrect 
better position t r who mer rece n order to mak 
There are many y governe f 1 erati t 
th ntr trom the r sf eccaryv 1 +} , 
t i tor the entir ration under one mi 
t 1 1 1 1 ‘ 
Remote valve controls have been used in the past with mechanica nnectior 
the: > lin of ar Lo hal ] s ] } ] 
hey are limited in their ability to produce motion at a distance, the control must be 
possible in many cases by ne lines to within re f th ntr I 
placing the control board i place t ike the ar ement possible. Ele 
ee! rticularly well suited for ! 
receiving mechanism will — 
/ j 1 , 
ind no Gamage done 
Bearing in mind the foregoing, a remote control device has been developed, usit 
synchronizing alternating notor hich have the property of remaining u 
in phase. When ¢ ted and eners l, any power applied to one motor wi!l bi 
mitted to the ot littl stortion and their actior not 
used to transmit it i brani A, iliac iia 
evident th wide e and that the us S r 
ism not on T ntr fron tral noint hit 
i i ral { ! 
bi alle 
i great dea il é if nt if t ntr 
july i 
important t to their position in t! t 
The motors, k n used heretofore i 1 tion Wi 
, “wateg 
trol on battle } ' t tor th F tr ir t 
transmitting an sch ¢ tir ’ r ¢ 
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roofed by suitabl rs. and the rotating shaft, mour 
t ej nv sitior Th — e in three si 1 
. ther ¢} inits are re iT r transmissior [ ver 
















































Figure (2) shows the arrangement of a transmitting is 
t valve, and further illustrated in the accompanying phot he transmi 
mechanism comprises a 1 which rotates the transmittit 
thr which the control is effected. The rotating « t iuses tl 
rotation of the receiving motor, the motion of which is transmitted thr gt 
shaft and thence to a worm gear which in turn is conne l ve stt 
t the valve wheel by means OF a clutch, half 
Lon of the valve , 
A quick detacl t 
mechanism can | K 
1 the receiving m« 
th is solidly m 
will rise and fall as the setting is changed n additi 
ind in the event tl is applied to a rising valve, the s cal 
treely thr the c 
The transmitting n small panels roughly 30” x 16’ and can be bolt 
thr control panels or assembled in batteries. A pointer or indicator is connected wit 
the motion of the transmitter wheel to denote the amount the system is turned and a pi 
dicate when the circuits are energized 
applied to any type of r to eff Ar 
‘itted to the receiving me is only 
heel. Thus the resistance ion Car 
the AK tual mn 4 bserved or the wl ee] 1! th e Same manne T iS it X 4 
bserved in turning There is, of course, some loss in friction but this 1s 


mparatively small a 









cives, Which Can be likened tor 
} } 


which 





1 
transmit thout 
transmit witnout 








torque ¢ 1 he by merely gea z 
own tl tor. Thus the power is t 
and the h out of phase y 
this amount, whic! y , is reduced in proportion to the 
i tl t er and receiver, t valve wheel wou n t 








me nur r at ¢ ne turr f tho ¢ 
Same nNumbDe t s mil If 1€ 

> £ +} ¢ re r v If 
ause 100 turns ie corresp ingiy it 
NO ] veared wr ‘ « vr, th . | 
motor, also ge ¢ wn 100 tne LLVE ee! 
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hich the motors were out of phase dur S$ process 101 
> extent to which the transmitting wheel ilve wheel wu I 
sume a 10° change in phase of the r shafts, the transmitting motor and valve whet 
ild be only 1/10° out of phase which for all practical p Th 
ms are made usually to transmit from 150 to 200 foot-ll t imple 
any valve mechanism. They also can be made es 
se control and it would be possible to have, by chang s 
insmitting wheel t2 se re ion is des 
vy valve is to be 
It will be evide ire imite 
It is most usefull i ssibl X I 
rily require m t erat 
From the px t s sider saving 1n pipi 
ind in many cases removes the necessity of platforms and structural work to operate certai 
valves. It furthermore gives greater liberty in the design of the units as it does not for 
the position of the control panel in any particular locality but enables it to be placed where 
it is in the least danger from fire hazard and away from dust and dirt caused by cleanir 
The mechanism is safeguarded by the fact that the motors do not rotate when energized by 
the current and respond only to hand motion. In the event t rent the valve 
emain in whatever setting it happens to be placed; but, as noted previously, 1 ilw 
be operated by hand and released from the control system if necessary. There is no danger 
f overloading or of breakage since the power transmitted is merely that applied to the trar 
mitting wheel. Any resistance or reaction on the receiving end is of course f t 
mitter,so that, if the valve were jammed or its stuffing box too tight, this resistance w 
felt in transmitting the motion. In other words, the 1 f y th t 
actually feel what he is doing and obtain an i t t t 
idjustment he makes. The advantages of this feature are obvious 


Small Wire Gage 
(Federal Products Corporation) 


HIS gage is for measuring all kinds of small wire to tolerances of 

0001”. It is a bench type gage and has a lever arrangement that can 
be operated either by hand or by foot by simply attaching a small wire ot 
string through the hole at the end of the lever and dropping it through the 
bench to a foot pedal. 

The indicator is graduated in 
0001” and each numeral on the dial 
represents .001” and the indicator 
can be swiveled on the bracket so as 
to get same in direct vision with the 
operator depending upon his posi- 
tion while taking readings. 

The small metal piece shown on 
the back of the anvils is a guide so 
that when the wire is drawn through 
it will always be in the center of the 
anvils. 

The method of operation is for 

















| 


the operator to pull down on the lever which opens the anvils, draw his 

wire through and take readings at any point on same that he may desire. 
The frame and the anvil carrying block are hyloed, finished in black. 

All other exposed parts, including the rack of the indicator, are chromium 


plated. 
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New Instrument for Rapid 
Moisture-Content Determinations 
in Wood 


C. G. Suits! & M. E. Dunlap? 
FE‘ YR several years the Forest Products Laboratory has 


been worku 
toward the development of rapid moisture indicators for wood, in th 
hope of devising a method that would meet the general needs of the wood 
working industry more satisfactorily than the present oven-drying proce 
When it is carried out properly, the oven-drying process 1 


wasteful. This phase of the situation alone led several other investig 
tors to work on the problem, with a resulting contribution of practi 


time-consum1! 
and 


in 


ipparatus from some of them 


FiG.\ 





The new instrument depends upon a simple circuit that operates o 
| 


180 volts direct current; as shown in Fig. 1, the circuit consists of a battery 
a resistance unit, a condenser, a neon tube, and a switch. 
is closed the condenser is charged through the 


When the circuit 
the current f 


resistor, which regulates 
low, permitting a gradual building up of the voltage acros 
the condenser and the tube in parallel with it. Ionization in the tube 
If ' r A cot } 
S r Er 
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occurs at a definite potential. The ionization point is indicated by a flash 
through the tube, which reduces somewhat the voltage across it. When 
the condenser charge again builds up another flash takes place, as repre 
sented diagrammatically in Fig. 3. If the resistance is increased the period 
between the flashes will be increased, and if it is lowered the period will 
become shorter. Thus the approximate value of the moisture content of 
piece of wood may be obtained by using a sample of the wood as the resistor 
ind counting the number of flashes in a unit of time; such a determination is 
possible because of the relationship between the moisture content and the 
electrical resistance of wood. 

Fig. 1 outlines the fundamental circuit. An arrangement for moisture 
content determination is given in Fig. 2, which shows a two-branch circuit 
energized by a single battery. For one branch a standard resistor R., a 
condenser C., and a neon tube N, are selected so that the neon tube will 


indicate at a rate of approximately 1 flash a second. For this purpose the 
resistor may be approximately 4 megohms, and the condenser about !4 


microfarad; these values will vary somewhat with the properties of the 
neon tube used. Ifa larger flash is desired a larger condenser may be choset 
and a somewhat lower resistance substituted. 

The instrument is so arranged that, when a sample of wood is introduced 
into the other branch of the circuit, any one of a number of condense 
varying in capacitance from 0.000044 microfarad to about 5 or 6 microfara 
may be switched into the circuit. The frequency of flashes of the test 
lamp, N,, can thus be adjusted to approximate that of the standard lamp, 
N,. The values of these condensers, instead of being expressed in micro 
farads, may be expressed in moisture content, so as to give direct reading 

Using the branched circuit as a basis two instruments have been designed, 
one of which is intended for the measurement of moisture content betwee 
the limits of 8°% and 26°7, at intervals of 1°/,, while the other is intended 
for sorting lumber for moisture content. These instruments are illustrated 
in Figs. 4 and 5, respectively. 

















Fig. 4 The “Blinker” Ir M M 5 
t V Q 26 

Fig. 6 presents the wiring diagram of the moisture measuret Phe 

switches 07 to Dog are shown open only because the diagram IS easier te 


read that way. In actual use all these switches are normally closed, all 
condensers in consequence are initially in circuit, and the determination 
made by opening switches in turn, thus cutting out all condensers to the 
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right of the open switch, until the test neon lamp, N,, flashes at the sat 
lard lamp, N,. When this condition of equilibrium h 


lMdadlU 





1 
, the number of the open switch gives the moisture conte 


' , - be , 1.°? j 1 1 
desired. The “wood sample” that is represented in a simple manner in tl 

















, 
diagram is of course the wood into which the hammer points are driver 
iltle 
+4 
past 
ho rt 
desi! 
If gG Nas pe 
a ar ok RC 
compieted If the test I lashes Taste tn the st gard 5. % 
Se 
Correction 
The corrections noted below should be made in the descript f t 
> . “ameter — Be % Ane Ored "~ ¢ > na 5 + ¢} T 
A } ( Onaci eter, which appeared 1 pages 401 1 402 rs 
~S it 
YY Let leno ._  ¢ho riaqht nf + 
is cn ve t the ont 
sranh. 3 ne—change switch above the ‘ swit 
th paragraph, 3rc e—change n the unc ght ' 
- . a ne—change capacit . ‘ 
Sth paragraph, 6t e--< ge capacity t yacit 
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Relative Humidity Recorder 


(Leeds & Northrup Company 











humidity recorder here described continuously records the relative humidity of ait 
Bids in the ordinary psychrometer, the basis of the measurement is the difference i1 
emperature of wet and dry bulb thermometers in a current of the air. The ordinary apy 
ratus. however, shows only the wet and dry bulb temperatures, and the observer finds tl 
,umidity corresponding to them froma psychrometric table or chart. The distinct intag 
f this humidity recorder is that it registers the relative humidity directly 
The complete equipment comprises two separate electrical units, one designated the wet 
und dry bulb apparatus and the other the recorder These may be a nsiderable distance 
yart. They are connected together by appropriate electrical conductors, the length 


which has no effect on the Operation of the 

juipment. 

This device comprises two similar elec 
cal resistance thermot ymeters mounted in a 
tunnel through ath a stream of the air 
under test is drawn by a small exhaust fan 
Provision is made for keeping the surface of 

of the thermometers wet. 

The temperature-sensitive element of each 

thermometer is a flat coil of pure nickel wire 








wound on a mica strip and laid between tw 

similar strips to insulate it from the metal 
case which fits it closely. The two coils are 
very carefully matched to have the same 
electrical resistance at the same tempera 
ture, and the same change in resistance with 
1 given change in temperature. The case isa 
sheath of thin metal, and is pressed firmly 
against the mica insulating strips, making 
the thermometer very rapid in response to 
temperature change. The case of the dry 
bulb thermometer is of a copper-nickel alloy; 
that of the wet bulb thermometer is of gold, 
to resist corrosion. In each thermometer 
oor air inclosed with the coil is perfectly dry, 

















and the case is water-tight, the connecting leads being brought out through a glass 
sealed in one end of the case and inclosed in a protective ering that forms the head ot tl 

thermometer. To support the thermometers, the heads are fastened in the removable sick 
of a moisture-proof junction box, in which oot terminals of the connections to the thermometer 
windings are soldered to the conductors whi nnect tl to the recorder 

The case of the wet bulb is fitted with a wick : whi he s into a shallow tank ter 
and by capiallary action keeps the surface of the bulb saturated throughout its entire t 
The mick is made of a small square of absorbent cloth | ming one edge to form a sle 
that fits the thermometer case closely when wet. If is freed from grease or oil by | sit 
in a mild caustic solution, then rinsed in clean water and dri It is then inclos 
envelope to protect it from contamination until it is used. In ordinary circumstar tl 
wick is ch anged each day, but in unusually favorable circumstances it may be used longer 





distance. The surface of the water in the tank is kept at a given level within smal a lim 
fluctuation by a reserve supply in an inverted bottle. The bottle is refilled once a week 

A tunnel for a stream of the air to be tested is formed by partly inclosing the space over 
the tank. The nickel-alloy sheet metal cover is easily removable for access to the thermome 
ters, for replacing the wick. The tunnel is divided into two passages by a partition betweer 
the two thermometers. A small exhaust fan keeps the air stream flowing through the tunne 
at a velocity sufficient for proper evaporation from the wet bulb in any conditions of air 
temperature and humidity. The fan motor can be furnished to operate on any lighting 
circuit 


The thermometers are mounted so that the water in the wi ck has to rise only a short 





Each thermometer is connected to the recorder by a cable of four conductors. Tw 
conductors in the cable are connected with the terminals of the resistance thermometer coil 
and the other two are connected to the terminals of a compensating loop circuit witha 
the thermometer case. With this type of connection the le I re the resistar 
of the conductors, and any change in resistance with change ha influence 
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Radio Set Tester and Tube Checker 


(Weston Electrical Instrument Corp.) 


>mend “ade > > lstzolanmoe | 7p I } 
Y i tremendous strides in the development of radio receivers h 
q ; ’ . ’ ‘ Ps ¢ P 
1 -o 4 > Wor hp o> mp > > . ~ 1° 
piaced them far Deyond the scope of home self servicing facilit 
I 


Because of these rapid advances, receivers today are more intricate th 

ever before. Consequently when troubles occur they require the service 

of competent trained men—men who know radio and who are equippe 

with reliable and adequate test 

equipment. _ 
Model 565 is a complete set tester 

embodying features such as an oscil 


] 


] . hlo rwP A ~ > 
lator, a GouDile range direct reading 





ohmmeter and a tube checker tol 


A.C. and D.C., rectifier type and 


_ 1s who Tho . > > 
pentode tubes. The entire set is 
' ' , , 1 , 
- nipte Itc ) wo Anda . - | 
compietely sell-contained and housed 
‘ 
in a compact carrying case with 


remov ible snap-on cover. 

The instrument equipment cot 
sists of three 314” diameter panel 
instruments, an 8 range A.C. instru 
ment for 1000, 200, 16, 8, 4 volts, 
4 amperes and 100/20 milliamperes, a 13 range D.C. instrument for 100 
250, 100, 50, 25, 10, 5 volts, 0-100,000/0-10,000 ohms and 100/25/2.5 
milliamperes and a double range D.C. instrument for 100/20 milliamperes 
Shunts may be obtained to increase the 20 MA range of the D.C. Milliam 
meter to 2 or 10 amperes. 

The various ranges of the D. C. VoltOhm-Milliammeter are controlled 
by a 23 point bi-polar switch with colored index markings for rapid classifi 
cation of readings: The ranges of the A.C. meter are controlled by a 9 
point Bi-Polar Switch. A toggle switch is used to change the ranges 
the D.C. Milliammeter. Three tube sockets are provided on the set, 
UX, a UY and an oscillator tube socket. Adapters may be obtained fot 
large or small UV tubes. 
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Pyrovisor—A New Optical 
Pyrometer 


(American Demag Corp.) 


‘> principle of this color pyrometer is the comparison of the intensity 
of two monochromatic radiations. Such a comparison of two intensities 
without a known light source is possible due to the physiological property 
f the eye to perceive two different colors, concentrated in the same spot, 
s a third mixed color distinctly different from the two component colors, 
provided both colors are equal or practically equal in their inc | 
physiological reactions. 
If the light of a radiant body of constant temperature passes through 

filter which allows only the passage ee: eh mae 
of two colors, far apart in the spec 
trum, with the wave lengths L-1 and 
L-2, then the eye perceives a light o1 


x 
. - , - 2 r\e" aS 44 +4 4 o 4 
a color mixture, which, according ,4,%* 7 oe. 
to the intensity ratio of the two 
colors, appears either as pure color 
| } 


L-l, or as a mixed color, or as pure 
color L-2. If the filter is of such a nature that it passes, not the pure color 
L-1 or L-2, but only the mixed color and if the temperature of the radiant 
body changes, then the ratio of L-1-L-2 changes also, with the result that 
the filter no longer shows the mixed color because now one of the two colors 
predominates. It is possible to make a second filter which is just right for 
this new color ratio and which allows only the passage of the new mixed 
color. This may be continued until a large number of filters has been made, 
each of which gives only the true mixed color for a given ratio of L-1-L-2 
and each of which represents therefore a definite temperature. For correct, 
rapid and convenient measurements, it is of course necessary to have 
filter which gradually changes the amount of the two colors passing through 
it in a ratio which is different for each of them. For the color pyrometet 
the two colors green and red have been selected. 

The light filter of the color pyrometer works in accordance with the 
following principle: The light from a radiant body “A” passes successively 
through filters 1, 2 and 3 to the eye of observer “B.” 

Filter 1 absorbs all light with the exception of green and red. Filters 
2 and 3 are geometrically identical but wedge shaped. Filter 2 absorbs 
the red light in an increasing degree according to the increasing thickness 
of the wedge but passes all green light, while filter 3 on the other hand 
passes the red light but absorbs the green light in an increasing degree 
according to the increasing thickness of the wedge. The observer, looking 
through different parts of the filter aggregate perceives a mixture of both 
colors, which mixture is composed of different quantities of the red and 
green light at every spot of the filter. The true mixed color, neither green 
nor red, is, however, visible and recognizable only in one definite spot of 
the filter. 


Assuming green is absorbed to a greater degree than the red with 
increasing thickness of the wedge-shaped filter and that at point “X”’ of 


the filter a definite red-green ratio of the radiant body will give the true 
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i | | j per ok gs ll 
nixed color, then on the right of “X, the filter will appear red 
wee pe oe a et 
there more green 1S ibsorbed, while on the left of “X° the filter will 
1 . ] - ] = 2 . 
green since there is less red but more green passing through the tf 


Should now the temperature of the radiant body increase and with 


green-red ratio of its radiation, then due to the more intense green radi 
of the body the spot where the true mixed color appears is changed tow 
the right end of the filter, since in order to get the equilibrium betwee 
two colors the increased green radiation must be overcome by abso 
more of the green color. The spot where the two colors show the 
mixed color is, therefore, dependent on the green-red ratio in the radi 
of the glowing body and it is on the determination or finding of the 
where both these two colors mix and where neither green nor red is vis 


that the temperature measurement by means of the color pyrometer depe: 


The accuracy of the temperature measurement with such a color 
meter depends first on how much the position of the spot, where the tv 
colors mix, changes with every change in the temperature of the glow 
body, and second on the individual ability of the observer to deter: 
the true mixed color. The change in the position of this spot in the f 
due to the change in the temperature of the radiant body is the greater 
farther the wave lengths of the two colors are apart from each othe: 
the spectrum. Generally speaking the most suitable colors are th 
which are complementary colors because they give a white mixed 
which may be determined with greater ease and certainly from the 
component colors than any other mixed color. For the color pyri 
the two colors green and red were selected, of which green lies in the 
of great sensitivity. 

The color filter of the pyrometer consists of a mixture of organic 
substances with the property to pass almost true monochromatic 
and red only and to absorb with increasing concentration more green t 
red. Dry gelatine wedges saturated with this color substance are p! 
between two special glass strips and the pyrometer is calibrated ag 
a black body having a definite known temperature. The shape of 
pyrometer is that of a slide-rule with the color glass held in a frame 
which the temperature is engraved. To facilitate the finding of the 
where both colors mix and appear white, a slide with a round observ 
hole is mounted on the frame. The observer focuses the glowing 
through the observation hole in the slide, held in his right hand, and m 
with his left hand the frame with the color glass until he finds the 
where neither green nor red is distinctly visible, but where both col 
mix and show a white or whitish-yellow color. 

The accuracy of the temperature measurements depends to a great ext 
upon careful avoidance of fatiguing the eye for one of the two colors. It 
therefore necessary not to look for too long a time at the glowing b 
through the pyrometer where either the green or red color predominat: 
It is, however, easy to overcome this difficulty by first finding with one e} 
the approximate spot where the colors mix and then by switching ove: 
the other eye to determine accurately the spot where the true mixed c 
appears. The accuracy of the color pyrometer readings is about 1%, wh 
accuracy, however, can be increased after several days practice with 
instrument. 

The color pyrometer does not require any auxiliary apparatus: batter 
lamps, etc., and can be used indefinitely without any calibration. Tempe 








cr 
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e readings are made in a very short time and it is possible to measut 
mperature of the largest as well as the smallest bodies. Hot spx 
ngots, billets, etc., are easily Getermined with the Pyrovisor. The ter 


e the 
ts on 


ipera- 


ture can be taken at a considerable distance from the hot body since the 


-ading will not be affected | 


eight of the Pyrovisor, which is only five ounces, makes it the 


nvenient high temperature pyrometer which has so far been offere 


the industry. 


New High-Pressure Type MJL 
Manometer 
(Morey & Jones, Ltd.) 


HIS manometer has been developed to include se 


by smoke or other light dimmers. The 


light 
most 





eral desirable features for permanent as well as port 
ible, test instruments. The standard design, while 
primarily intended for use as a flow indicator, for high 
pressure work, has been built for pressures up to 300 
lbs. gage; and is useful in all types of test work where 
manometers are employed. With but slight changes in 
glass packing arrangement, etc., it is built for use on 
pressures to 2500 lbs. or more. 

It is a tworglass-leg type instrument of especially 
compact and neat appearance, having | dak eature 
it the top in both “legs,” to prevent loss of mercury, 
due to pulsations or over-capacity flow. Being built 
in three standard lengths, 6”, 12” and 18” scal 





scale lengths, 
it fills all usual conditions for test and permanent work. 
This manometer is especially adaptable for use on water 
filters and softeners, since with the two indicating 
glasses, it will show ni rmi al flow rate in one direction, 
ind also the “back-wash” rate, when flow is in opposite 
direction. The non b Sing over of m ercury feature, is 
also most needed for this particular application. 

Solid blocks of steel are used at top and bottom with 
an aluminum housing for glass, and aluminum 
plates. Latter can be marked in standard inches of 
water or mercury, or “direct-reading”™ in gals./min., per 
hour, etc. Entire instrument is chromium plated to 
withstand outdoor applications. Pa icking rangement 
iround the two glass “legs” are simple, but particularly 
effective for high-pressure app desnines. One special 
feature of this manometer is that the high-pressure glass 
tubing used, is specially selected so that no errors are 
introduced by varying inside diameters—either of one 
glass from the other, or from top to bottom of the same 


Cale 























piece of tubing. This point being particularly important 
in test instruments of ‘this nature. 
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New Manometer Type Instrument 
Indicates Both Pressure and 
Flow at Same Time 


Meriam Company 


HIS type is expected to largely supersede the previous combin 
type for the same purpose, and which provided a set of two-way « 
by means of which the U-tube manometer could be either connect: 
the line so as to measure the differential pressure across the two side 
in orifice of known size inserted in the pipe line—thus measuring the 1 
of flow—or could be connected between the pipe line and the atmosp} 
thus showing the line pressure above atmospheric. The change « 
be made in a few seconds, but it was not possible to read both simultaneou 
The new type is of entirely different construction, and two diffe 
colored non-mixing liquids are used instead of only one. In most ¢ 
red oil and water are employed; but other 


heavier or lighter liquids may be used - 
iccording to the pressures and flows to be meme: | m ~aprem 
dealt with. The design of the new tube, as ! — |) W— 
shown in the accompanying sketch re WU /f ||} | --_\) 
sembles a “W” instead of a plain “U.” [ “LL 
The two outer ends of the “W” terminate eth 

in bulbs having openings which are con Tt goo P 
nected to the pipe line in the same way as | Vy (} 
the ends of the U-tube of an ordinary flow 


meter—on either side of the orifice disc of Lyx: - 
known size which produces the differential 
pressure corresponding to the rate of flow. 
From the middle point of the “W” a riser 
tube is connected. This riser tube is of a 
height proportionate to the line pressure to 
be measured and to the liquid used. 

To operate the instrument, the heavier 
liquid is first poured into each U-tube so as 


WATER 








Fiow IF FERENTIAL 


to occupy approximately one-half of the 


height of same. The lighter liquid is then 

poured into the riser rube which is open to the atmosphere), so as t 
as a seal. As this addition will make the levels of the heavier liquid 11 
U-tubes unequal, sufficient of the lighter liquid is then added at the | 
ends to counterbalance and correct this. The instrument is then inst 
on the pipe line. 

The action is as follows. The total pipe line pressure above atmosphi 
being connected to both ends of the “W,” the levels of the heavier liq 
on the two inner U-arms are forced upwards, thus raising the level of 
lighter liquid in the open riser tube to a point corresponding to the | 
pressure. 

The differential pressure due to the orifice or pitot and the rate of fl 
on the other hand, is not affected by this, and it is indicated independent 
by the difference in level between the heavier liquid in the two inner 
It is obvious that neither action affects the accuracy of the other in any w 
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RHEOSTAT. Bulletin 1265 briefly ce 
ribes and gives data on a new Jagabi rheostat 
ies G. Biddle, 1211 Arch Street Phila 
| ni a Pa 





INDUSTRIAL INSTRUMENTS. = General 


alogue illustrating instruments for measur 
ig: temperature, pressure, volume, et This 
printed in German. J. C. Eckardt A. G 


> | 
Stuttgart-Cannstadt, Germany 


BENDING STRENGTH TESTER. 307 
lescribes and illustrates the Naumann 
Schopper bending Tester for aaiinaned et 
Fore ign Paper Mills, Inc., 72 Duane Street 
Pit urgh, Pa 

METAL TESTING INSTRUMENTS. &s 

e catalogue describing a comy plete line of 
physical testing apparatus for material te ting 
H Z Schniewind, 72 Duane Street, New York 


‘how GAGE Leaflet describes the Collins 
v gage, a combination of oe t tube an 
water-air manometer Arthu | Collins 
7 Front Street, San Francisco, ¢ ‘al 
WATER LEVEL INDIC ATORS. Leaflet 
lescribes the instal — of Stevens long 
tance water leve! indicators on the locks of 
Welland ship « — g poset Volpe 
Company, 267 Washington Street, Port 
Oregon 


GENERAL RADIO EXPERIMENTER. Thi 





June 1930 issue of the Experimenter is an 
inniversary issue commemorating the 15th 
versary of the General Radio Co Phe 


ssue is devoted to a description of the plant 
the officers of the company and the engineering 
staff. General Radio Co., Cambridge A, Mass 
GET IT ON PAPER. This is the title \ 
folder 8'4 x 11 illustrating the importance of 
keeping records of the flow of liquids and 
uses, etk Brown Instrument Compan 1482 
Wayne Ave., Philadelphia, Pa 
COUNTER CONTROLLERS. \ leaflet 
lustrating a new counter controller \dde & 
Compests Portland, Maine 
IMMERSION PYROMETERS. I 


lescribes immersion pyrometers for n 


brass, bronze and copper te linois Te 
a Inc 141 We Austin 
{ Chic age 


THE FOG HORN. The June issue of this 
house organ contains testimonial letters on 
Parks-Cramer air conditioning installations 
Parks-Cramer Company, Fitchburg, Mass 

ELECTRICAL EQUIPMENT FOR THE 
PETROLEUM INDUSTRY. Direct mail 


folders DMF 5239 and DMF 5240 deal with 


ctrification for cable tool drilling and pipe 
he pumping respectively Westinghouse 
Electric & Mfg. Co., East Pittsburgh, Pa 





POSITIVE RECORD CALORIMETER 


\\ of ay 1 W 
Ga I W. 1, I 
ACCELERATED WEATHERING. \\ 
meter B letin 5-30 t t t 
] 
pt \t tric Dev Co., 361 W 
Superior St., Chicago, I 


AIRCRAFT INSTRUMENTS. M 
tled Prir ple 1 Operat f 


t P 
In I ORE 
24 pages, List Pi $2. 0. P neer I 
Co.. 754 Lexingt Br N. \ 

ENGRAVED THERMOMETERS 
fa Instrument Com 
Ro er. N.Y 

PYROMETERS ( e Part 4000 
liustrat he 
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Instr i 4 yank Ik este N. ¥ 

INSTRUMENT PRICE LIST 


son Street. P Pp 

COIL TESTER Bullet 1090 de 
Rul Cc 29 
Philadelpl p 

2800 CU FT DISPLACEMENT DRY 
TYPE _PROVER Leaflet bcin ide Surevenne 
for t 0.000 ft. per r. ( 
meter Connet e Blower Co., li Conner 
ville, Ind 
INSTRUMENT INVESTMENT NEWS 

June ynita the following Pesting 
\eroplane Motor ind Modern Hote Moder 
ck ¢ I Br rt. ( : 

AVIATION INSTRUMENT NSERC — 
MANUAL. S-page , 

rvicing Pioneer Instrument Co., 754 I 
ngto \ Brooklyn, N. \ 
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STEELOSCOPES Leaflet describes tl RECORDING CALORIMETER B 
up! atior of spectroscopes for tl rapid les es the Fairweather total h 
at ke hr m, molybdenun t s recording calorime O 
i 1, et Adam Hilger, Ltd tion ire also in S 
N. WV P ctions, Ltd., Far id 


24 to 4c London, N V. 1, England I 
HIGH- SPEED’ ENGINE INDICATOR. E 




















1, England 








Leamet Gescesbes the  Rages-indicetes RADIO INSTRUMENTS. Leaflet 
indicating engines with spec ae RP 5 Sey ee trates several new radio instrument 
Ph printed in English Lae n & Michels Electrical Instrument Corporatio 
Abt I H “ irg-Altoona, Germany , : ngiuuysen Ave Newark, N. J 
scribes PREZSORE INDICATOR. vg th he SPECTRUM ANALYSIS. Bull 
: . . t ne ' ted to Spectrum Analysis and < 
ea I r pressure n re I 
ngin TI § printes 1 in Engli ntitative alysis of metals 
Abt A tenome Conceeiie I nt papers, specifications for lead 
* HEAT TREATMENT OF STEEL. log and zinc, etc. Adam Hilger, Ltd., 24 R 
90 tled r! 1e Hump Me 1d for Heat Place, London, N. W. 1, England 
Treatment of St This new issue is similar HYDROG EN MEASUREME WTS 
1 ex hat it i pre ebook 3 ‘‘Notes on Hydrogen I M 
1 of ob of tr rate ments” is not a catalogue, th nly ref 
f ut rit with the same Leeds & Northrup is on page 27 of tl 
I on as b The new portion of the identification of another publica 
it nd the control of tl nformation supplemental to the sul 
ra ting 1 aboy he critical a major portion of the text is devoted t 
b ind s vs how s scription of apparatus employed for 
can be secured manually, or by means pH It tells not only what the appar 
1ut atic cx f tl of heating of but how it is used and what its limitat 
the hump furnace Leet Northrup Co Fundamental principles are briefly dis« 
4901 Stenton Ave Ph ita lelphia, Pa a manner and in terms which are cor 
WATER WORKS JOURNAL. The June sible to one not an expert. Leeds & N 
ss of the Water Work Journal contains Ce 1901 Stenton Ave., Philadelphia, P 
Lak Waco ly Project; The GRAPHIC INSTRUMENTS IN INDUS 
De ri i wd i 1 Domest TRY. Zulletin 6301 discusse the per 
and Indu ly; and Metering installation of graphic instruments ir 
f City Wa 'verflow at Croton Points co d i 
Dam Ceases z Equitable Meter power, elin C1 
Cx 100 Lexine t Pittsburgh, Pa of individu 
_GAS SERVIC E "JOURNAL. Phe June is f products 
ition contain t po owing for c nt 
< Py ving Iron Domest Me é with Inc 
( er Re ved; Pub Utility Store ~ ng QUINHYDRONE pit INDICATOR, 
I Search for I und Butane and its Cor illustrates applicatio e ¢ 
tion Pittsburgh Equitable Meter Co in t eed 2 N hen ' 
10) Lexington Ave., Pittsburgh, Pa St 1 Ave., Philadelphia, P 





SECONDS COUNT!! 
TIME CYCLE CONTACTORS 
“CYCLE STOP” and 
“CYCLE REPEATING”? TYPES 
ONE SECOND Time In- 
terval Adjustments 
RELIABLE 


STURDY ACCURATE 
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Automatic Temperature 
Control Co., Inc. 
Philadelphia, Pa. 

















imeter 


(eMAs The Pi 


(Mean Pressure Indicator) 
of Dr. Ing. J. Geiger is used 


forjdirectly reading the mean indicated pressure of reciprocating engines 


of all types. 

For rapid and convenient regulation of 
each cylinder has the same load. 

Io control the output. 

It is used as a permanently 
control. 

Suitable for the highest R.P.M 


multi-cylinder engines so that 


connected instrument for continuous operating 


Dispenses with the cumbersome indicating and planimetering. 


Lehmann & Michels, Abt. I, Hamburg-Altona, Germany 
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Electrical Measuring Instruments 


for use at communication frequencies (0 to several million cycles per second) 





Frequency Standards - Tube and Tuning Fork Oscillators - Resistance Boxes 
Bridges - Calibrated Inductors - Variable Air Condensers - Voltage Dividers 
Attenuation Networks - String Oscillograph + Thermionic and Oxide- 
Rectifier Voltmeters - Accessories: Rheostats, Transformers, Relays, etc. 


gx» GENERAL RADIO COMPANY 


Manufacturers of Electrical Measuring Apparatus 
for Laboratory and Industrial Use 


CAMBRIDGE A, MASSACHUSETTS 














WENNER RESISTANCES 


A new type of non-inductive, non-capacitive resistance 
for high frequency work, developed by Dr. Frank 
Wenner, chief of Resistance Section, Bureau of Standards. 


We are prepared to supply these resistances in units up to 10000 
ohms and in various decade combinations. Correspondence invited. 


RUBICON COMPANY 


ELECTRICAL MEASURING INSTRUMENTS 
29 North Sixth Street PHILADELPHIA, PA. 














Franz Schmidt & Haensch 


Densitometer for measuring the 
density of photographic films and 
plates as well as absorption of other 
transparent objects. 

Sole Distributors 


AKATOS., Ine. 


Engineering Building 114-118 Liberty Street 
New York City 








Manometers 


THE MERIAM Co. 
Madison Avenue at W. 112th Street 
Cleveland, Ohio 


When writing to the above company, please mention INSTRUMENTS 
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CURRENT LITERATURE REVIEW 


Abstracts on instruments and devices for measurement, inspection and contro| 
The Technology Department, Carnegie Library, Pittsburgh, Pa., will furnish photosta 
material abstracted here. Negative prints are 35 cents per page, plus 10 cents for mailing 
class). All orders should be paid in advance. The library is not responsible for loss in 1 








TEMPERATURE & MOISTURE 
A New Regulator Allowing Rapid Changes in the Temperature Setting of the Thermostat 
1p ; 





ul Jour \mer n Chet | Societ Felt 1930, pages 636-637 
The note d ribes an interesting thermoregulator of the liquid-vapor type Diagram 
M. E. H 
Measuring Temperatures of C olored wees Seay Optische Temperaturmessung an 5 
, H. Schmidt. Stah Eisen, Jan. 23, 1930,pages 106-107 
Iwo optical metho to determine high temperatures as for instance temperatures in 
hearth fur ire considered The one method is based on the reversion of the spect 
iccording to Ku ba ind the other on the obse ition of the spectrum of the means w 
ipy 1 for oring flame \lkali or alkali earth metals are used in this case G 
An Electrical Method for the Determination of the Dew-Point of Flue Gases. Henr 
Johnston Cir ir 20, Engineering Experiment Station, University of Illinois, N 
22 pa 
The author di ses t mportance of determination of dew-point of flue gases and the dift 
of erminatio1 \n electrical method is described and the results obtained are given 





ew Electric rata Sompenstuse Contretiors. Electrical Review, March 14, 1930 








Description of a new type | ed on the market by J. Finer. Made in two types, one f 
working up O°C. and the other for furnaces up to 1200°C [he operating principle of 
the same It is claimed that the controller will maintain a furnace constant at any predet 
temperature up to 1200°C. with a variation of +1 M.S 
Temperature Measurement Based on Air Flow Measurements lemperaturmessung auf 

mungs technischer Grundlage H. K. Lehr. Messtechnik, April 1930, pages 93-95 

This article dis es the relation between volume of gas passing through an orifice and 
perature It then d ribes an arrangement using the principle of the Wheatstone bridg 
which 4 ¢ " fices are used, the temperature of three of them being known, thus permitt 

ulculation of the temperature of the gas passing through the 4th orifice. The errors of tl 
ire enumerated. It is stated that this device replaces the cumbersome and unsatisfactor 


tion pyrometer 
A New High Speed Temperature Recorder (Ein neuer Schnellschreiber in der Waerme-M¢ 
Zeitschrift fuer Feinmechanik und Praezision, Jan. 31, 1930, pages 6-8 
\ new method of recording is described, 50 records per second can be made by th 
Two Wholly New Simple Optical Pyrometers for Temperatures Between 600-2000°C (Zv 
neue einfache optische Pyrometer zur Temperaturmessung zwischen 600-2000°C) Z« 
fuer Feinmechanik und Praezision, Dec. 18, 1929, page 1-2 
I'wo glass wedge pyrometers manufactured by Stroehlein & Co. are described: one is an or 
smoked glass we which absorbs the light rays of the hot body; the other is a green glass \ 
which absorbs the complimentary color ratiated by the hot body 





laufenden R 








Temperature Measurements on Running Belts. (Temperaturemessungen an 
I 





jrandt. Messtechnik, March 1930, pages 61-65; April 1930, pages 95-97 
rhe properties of rubberized fabric for transmission belting are considered Phe oceur 
ised temperatures due to slip is discussed and a test set-up and the measuring instru 
rity | 


The Use of the Grid Glow Tube in a Thermoregulator. James H. Hibben. Review of S 
Instrument May 1930, pages 285-288 


\ method of thet 
} 


regulation using the neon filled grid glow tube was described and its 





tion disc ussec 


Automatic a rature Regulators (Selbsttatige Temperaturregler der Firma Butterm 


Schmi Elektrotechnische Zeitschrift, Feb. 27, 1930, pages 319-320 
By immersing a metal bar or diaphragm in the hot liquid the expansion of the metal 
automatically closing and opening the heating current The instruments are built in rat 
from 40° to 100°, 100° to 600°, and 500° to 900°C Ha. 


HEAT UNIT & COMBUSTION 


The Heat Capacity of Saturated Liquid Ethane from the Boiling Point to the Critical Temperat 
and Heat of Fusion of the Solid. R. Wiebe, K. H. Hubbard & M. J. Brevoort. Journal A: 
can Chemical Society, Feb. 1930, pages 611-622. 
One low-pressure and one high-pressure calorimeter for determinations of heat capa 
liquids below room temperatures under their saturation pressure are described M. E. H 


Calorimetry of a Fluid. Nathan S. Osborne. Bureau of Standards, Journal of Research, May 19 


pages 609-629. 

In this paper a calorimetric method of determining the thermodynamic characteristics o 
is outlined. The basic principles involved and the application of the method to formulat 
thermal properties for engineering uses are both analyzed. The method has been developed 
Bureau of Standards for de term g the properties of steam. A single calorimetric app: 
specially designed and with espe« refinements provides a setting for a systematic grouy 
periments of four types in which four characteristic heat quantities are determined each as a f 
tion of temperature. These experimental data provide a basis for formulation of the therm« 
mic behavior of the fluid in terms of familiar and convenient properties within the limits of 
observations 
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Of instruments and devices for measurement, inspection or control. 


If you are unable to find what you require in the Buying Section of INSTRUMENTS—write u 
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A LLL ELLE LEE 
ABRASION TESTERS 
H. Z. Schniewind 
ACIDITY RECORDERS 
Leeds & Northrup Co. 
Rubicon Company 
AIR FLOW INDICATOR 
Brown Instrument Co. 
Commercial Engg. Labs. 
Foxboro Co. 
AIR METERS 
American Meter Co. 
Foxboro Company 
ALIDADES 
ALTIMETERS 
American Paulin Syste m, Inc. 
Tagliabue Mfg. Co., C. 
Taylor Instrument C ompanies 


AMMETERS—Indicating 

General Radio Co. 

Jewell Electrical Instrument Co. 

tawson Electrical Instrument 

Company 

Westinghouse Elec. & Mfg. Co. 

Weston Electrical Inst. Corp. 
Recording 

Bristol Company 

Esterline-Angus Company 
ANEMOMETERS 

Taylor Instrument Companies 


ARMATURE TESTING EQUIP 
MEN 


Westinghouse Elec. & Mfg. Co. 
ASPHALT TESTING APPARATUS 
Tagliabue Mfg. Co., C. J. 
ATTENUATION NETWORKS 
General Radio Company 
AUDIO-FREQUENCY OSCILLA- 
TORS 


General Radio Company 
BALANCES 

Akatos, Inc. 

H. Z. Schniewind 
BAROMETERS—Aneroid 

ial, Recording 

American Paulin System, Inc. 

Bristol Company 

Tagliabue Mfg. Co., C. J. 

Taylor Instrument Companies 
ae —C — temperature 


ter & 0} 

BATTERY TESTERS 
Westinghouse Elec. & Mfg. Co. 
Weston Electrical Inst. Corp. 

— re 


oxboro 
BRAKE TESTING METER 
Northrup Co. 
BRIDGES, ELECTRICAL 
Capacities, Conductivity, Hoopes, 
Inductance, Kelvin, Resistance, 
Temperature, Wheatstone 
General Radio Co. 
Leeds & —— Co. 
Rubicon Com; 
CABLE TEST! 
Rawson Elec. Tat Co. 
CALORIMETERS—Gas 
American Meter Co. 
Burgess-Parr Co. 
Peroxide, Oxygen Bomb 
Burgess-Parr Co. 
Gaertner Scientific Corp. 
CAPACITANCE METERS 
Radio Co. 
Rubleoa Company 


Mercur- 


CARBON DIOXIDE METERS 
American Meter Co. 
Brown Instrument (o. 
Charles Engelhard, Inc. 
Foxboro Co. 
Leeds & Northrup Co. 
Tagliabue Mfg. Co., C. J 
CARBON MONOXIDE METERS 
American Meter Co. 
Charles Engelhard, Inc. 
Leeds & Northrup Co. 
Tagliabue Mfg. Co., C. J 
CATHETOMETERS 
Gaertner Scientific Corp. 
CEMENT TESTING INSTRU- 
MENTS 


CHRONOGRAPHS 
Gaertner Scientific Corp. 
CHRONOMETERS 
Tagliabue Mfg. Co., C. J. 
CLOCKS—Gauge Board 
Brown Instrument Co. 
Bristol Company 
¥oxboro Co 
CLOUD & POUR TEST AP- 
PARATUS 
Tagliabue Mfg. Co., C. J. 
OILS 


Resistance, Inductance, Special. 

General Radio Co. 

Rubicon Company 
COIL TESTING EQUIPMENTS 

Leeds & Northrup Co. 

a Company 

Westinghouse Elec. & Mfg. Co 
COLORIMETERS 

Akatos, Inc. 

Tagliabue Mfg. Co., C. J 
ety eee conTROL 

EQUIPM 

Brown eas Co. 

Charles Engelhard, Inc. 

Leeda & Northrup Co. 
COMMUNICATION MEASURING 

INSTRUMENTS 

General Radio Company 
COMPASSES 

Taylor Instrument;Companies 
COMPARATORS 

B. C. Ames Co. 

Federal Products Corp. 

Gaertner Scientific Corp. 
CONDENSER LEAKAGE 

RECORDERS 

Esterline-Angus Company 
CONDENSERS—Electrical 

General Radio Co. 

Leeds & Northrup Co. 

Rubicon omen 
CONDUCTIVITY METERS 
Indicating, Recording, Controlling 

Esterline-Angus Company 

Leeds & Northrup Co. 
CONCENTRATION RECORDERS 

Esterline-Angus Company 

Leeds & Northrup Co. 
CONSTANT SPEED & FRE 

QUENCY SETS 

Leeds & Northrup Co. 

CONTOUR MEASURING PRO- 
JECTOR 

Bausch & Lomb Optical Co. 
CONTROLS, AUTOMATIC 
Condensation 

Tagliabue Mfg. Co., C. J. 


Damper 
Brown Instrument Co 
Charles E ngelhard, Ine 
Foxboro ( 0. 
Leeds & North rup Co 
Tagliabue Mfg. Co., C. J 

DEMAND PRESSURE 
Foxboro Comp: 

Feed Water 
Brown Instrument (< 
Foxboro Co. 

Filter Rate 
Brown Instrument ( 
Foxboro Co. 

Float 

Flow 
Brown Instrument ( 
Foxboro Co. 


Gravity 
Foxboro Co 
lagliabue Mfg. Co., C. J 
Humidity 
Bristol Company 
Brown Instrument Co 
Charles Engelhard, Inc. 
Foxboro Co. 
Leeds & Northrup 
lagliabue Mfg. Co., C. J 
Taylor Instrument ( ompanhies 
Humidity & Temperature 
Bristol Company 
Brown Instrument Co 
Charles Engelhard, Inc. 
Foxboro Co. 
Leeds & Northrup Co. 
Tagliabue Mfg. Co., C. J 
Taylor Instrument Companies 
Liquid Level 
Bristol Company 
Brown Instrument Co 
Esterline-Angus Company 
Foxboro Co 
Tagliabue Mfg. Co., C. J 
Motor 
Pressure & Vacuum 
Bristol Company 
Brown Instrument Co 
Charles Engelhard, Ine 
Esterline-Angus Company 
Foxboro Co 
Minneapolis-Honeywell Co 
Tagliabue Mfg. Co., C. J 
Taylor Instrument Companies 
Pyrometer 
Bristol Company 
Brown Instrument Co. 
Charles Engelhard, Inc. 
Leeds & Northrup Co. 
Taylor Instrument Companies 
Wilson-Maeulen Company, Inc 
Rate-Volume 
American Meter Co. 
Foxboro Co, 
Refrigeration 
Brown Instrument Co. 
Charles Engelhard, Inc. 
Leeds & Northrup Co. 
Westinghouse Elec. & Mfg. Co. 
Special 
Rubicon Company 
Tachometer 
Brown Instrument Co 
Esterline-Angus Company 
Foxboro Co. 
Leeds & Northrup Co. 


iny 
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WEIGHING, SPECIFIC GRAVITY, DENSITY 


Development of Scale Design Through a Century. R.H. Bacon. Scale Journa 


pages /-3 
A brief histo ket 
Special Scales. H. O. He Scale Journal, May 10, 1930, pages 7-8 
Various special production iles are briefly described \uto-gage for standard 
combination piston ring and valve spring auto-gage; chassis spring testing machine 


read before National Scale Men's Convention, March 12, 1930, Chicago 


Various Type Scales in Use Today. J. E. Woodland. Scale Journal, May 10, 1930, pa 
P: Scale Men's Convention, March 12, 1930, Chicago. Brie 


er read before National 
ns 


ip 
of scale application 


Automatic Filling and Counting Scales Automatische Abfuell und Stueckzaehl-Wa 
Caneit fees Feinmechanik und Praezision, Oct. 31, 1929, pages 4-5 
ired b the Me rseburger Waagenfabrik A. Dresdner, Merset 











T he SCa ll il If 
Germany are briefly described 
VIBRATION, SOUND, LIGHT, COLOR 
Sensitive and Manometric Flames. R. C. Colwell. Review of Scientific Instrument 
§47-350 
itive and manometric flames and burners are discussed briefly 
A Sensitive Method for Determining Refractive Indices. S. A. Korff & J. Q. Stewart 
Scientific Instruments, June 1930, pages 341-346 


A combination of Michelson interferometer and spectroscope is described which has pr 
in giving accurate values of the refractive indices of vapors especially near absorption 
method involves measurements, easily made, of wave le ngths of fringes seen in the spe 
Photographs of the fringes are given lhe combination also provides an interestins 
ral scale of frequencies, provided by these fringes 





putting along a spectrum a natt 


The Reflection Factor of ay Oxide. J. S. Preston. Transactions Optical 
1929-1930, No. 1 pages 





This paper describes the de ind use of a small integrating reflectometer for deter: 
total reflection factor of a smoked magnesium oxide surface under diffuse illu it 
shows how the reflectometer may be used for the absolute determination of appar 
factors (reflectances) under parallel illumination he instrument depends on the char 
ness of the walls of a small integrating sphere which occurs on removal of a test plate 


circular aperture of known area in the sphere The theory is extended to show how the 


the sphere may be used as a standard of brightness when the diffuse reflection factor of t 
and the flux entering the sphere are known This affords a new means for the standar 
photometric test plates \ second method of determining the diffuse reflection factor 
flectometer coating is described depending on measurements of the brightness of the inter 


used co illuminate it through the aperture 





sphere and of an artificial sky 


A History of the Development of the Telescope from about 1675 to 1830 Based on Docum 
the Court Collection. Thomas H. Court & Moritz von Rohr. Transactions Opt 
May 1930, pages 207-260 

The optics of the telescope as known when its manufacture 
verhey’s influence on the Continent and in England; A. M. v. Schyrle’s great invent 
terrestrial telescope with image-erecting lenses in 1645 (made in Augsburg) The old 
telescopes in England. Sir Charles Cavendish’s acquaintance with A. M. v. Schyrle and 


of similarity between Cock’s terrestrial telescope of 1673 and A. M. v. Schyrle’s descri, 


was commenced in Eng 











Popularity of telescopes of Schyrle's planning in England in the seventeenth and eig! 
turies. English improvements and night telescopes. The reflecting telescopes after G1 
Newton, and their manufacture in London The original work of Gregory and of 
Hadley’s impulse; influence on English opticians; Passement’s form in 1738; Short 


instruments. Caleb Smith's improvement in 1740 and the first publication of his prin 
correction. Chester Moor Hall's invention of the achromatic telescope (1729-33) and it 

by John Dollond (1758 Relation of the already known facts in historical sequence 
Dollond’s re-invention and publication. Pr 
and Lord Camden's decision in | 
Dollond’s policy as to the prices for achromatic telescopes \ digression concerning 
appreciation of Chester Moor Hall's merits. The publications of A. M. de Rochon and 
and the work of the more modern investigators A. C. Ranyard, R. B. Prosser, and E. V 
Hulme. Sir William Herschel's reflectors. Knowledge enlarged by Prince Troubetzkoj 
Steavenson. Herschel's influence on English and foreign opticians beyond the period tt 
The earlier endeavours to avoid a secondary spectrum. A. C. Clairaut in 1762, R. J. I 
about 1767 and R. Blair after 1787, employing different fluids. Later improvements and 
tions of the achromatic telescope. P. Dollond; H. Pyefinch; brass draw-tubes about 178 
folding into a very small compass; W. Worris; C. Varley; the problem of optical glass. 1 
knowledge of Fraunhofer’s instruments; French astronomical objectives of large diameter 


to Fraunhofer in Munich from Edinburgh Observatory. 


ertainly known to the trade in 1754. J. 


instruments before and after J. Dollond’s death in 1761 
} 


Drum Polarisation—Apparatus (Trommel -Polarisations —Apparat) Zeitschrift fuer F« 


anik und Praezision, Feb. 15, 1930, pages 6-7. 
Brief description of this instrument manufactured by Steindorff, Berlin. 


The Measurement and Analysis of Mechanical Vibrations (Beitrag zur Messung und 

Mechanischer Schwingungen) Heinrich Hoffman. Messtechnik, March 1930, pag 

A mathematical discussion, considering the measurement in one component, two co 

and the resultant. Other points considered are vibration maximum, true shape of the vi! 

a plane, surface vibration; linear vibration, importance of phase displacement, method 
polar diagrams. 

An Aid to the Investigation of Vibration of Running Machinery. C. H. Wright. 


World, May 1930, pages 5-6 
The application of the K. B. B. vibrometer to the measurement of vibration is briefly 
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INSTRUMENTS 





Temperature-Time 
sn Instrument Co. 
harles Engelhard, Inc. 
ro Uo, 
Leeds & Northrup C 0. 
ue Mfg. Co., C.J 
r Instrument Co. 
Thermometer 

Bristol Company 

Brown Instrument Co 

rles s Engelhard, Inc 

| » Co. 

Leeds A Northrup C r: 
ugliabue Mfg. Co., Je 
avlor Instrument C aia 

Wilson 
eer 

jristol Company 

Brown Instrument Co. 

Charles Engelhard, Inc. 

Foxboro Co. 

Minneapolis-Honeywell Co. 

Taylor Instrument C 0 anies 

Westinghouse Elec. & Mfg. Co 
Thickness 

Esterline-Angus Company 

H. Z. Schniewind 
Time 

Brown Instrument Co. 

Esterline-Angus Company 

Foxboro Co. 

Stromberg Electric Co. 

Tagliabue Mfg. Co., C. J 
Vacuum 

Bristol Company 

Brown Instrument Co. 

Esterline-Angus Company 

Foxboro Co. 

Meriam Co. 

Unit Heater 

Minneapolis-Honey well Co. 
Valve—Motor Operated 

Bristol Company 

Brown Instrument Co. 

Charles Engelhard, Inc. 

Foxboro Co. 

Minneapolis-Honey well Co. 

Taylor Instrument Companies 
Water Level 

Bristol Company 

note Instrument Co. 

Este one Company 

Foxboro ( 

Tagliabue Mfg. Co., C. J. 
COORINATOGRAPHS 
COUNTERS—Revoluti’n 

Bristol Company 

Brown Instrument Co. 

Lehmann & Michels 

H, Z, Schniewind 
Stroke 

Bristol Company 

Esterline-Angus Company 

Lehmann & Michels 
COUPLING TRANSFORMERS 

General Radio Company 
CURRENT RECORDERS 

Bristol Company 

Esterline-Angus Company 

Leeds & Northrup Co. 
CURRENT REGULATORS 

W Tro Elec. & Mfg. Co. 
CYCLE COUNTERS 

General Radio Co. 
CYLINDERS-GRADUATED 

Tagliabue Mfg. Co., C. J 
DECELEROMETER - 
DEFORMETER (Beggs) 

Southwark Fdy. & Mach. Co. 
— METERS 


American Meter Co, 

Foxboro Company 
Electric 

Westinghouse Elec. & M fg. Co 
DENSITOMETERS 

Akatoa, Inc, 


_ OENSOMETERS 


H. Z, Schniewind 


DIVIDING HEAD 


-Maeulen Company, Inc. 


Optical 
Bausch & Lomb Optical Co 
DIVIDING MACHINES 
Gaertner Scientific Corp. 
DRAFT GAGES—see Gages 
DYNAMIC BALANCING 
EQUIPMENT 
Commercial Engg. Labs 
EARTH CURRENT METERS 
Rawson Elec. Inst. Co 


ELECTRIC TELEMETER 


Southwark Fdry. & Mach. Co. 
ELECTRIC WAVE FILTER SEC- 
TIONS 


General Radio Company 
EMPLOYEES’ “IN AND OUT” 
TIME RECORDERS 
Stromberg Electric Co 
ENGINE INDICATORS 
Commercial Engg. Labs. 
Lehmann & Michels 
EXTENSOMETER 
H, Z. Schniewind 
Southwark Fdry. Mach. Co 
FATIGUE TESTERS 
H. Z. Schniewind 
FAULT FINDERS 
General Radio Co. 
Leeds & Northrup Co. 
{ubicon Company 
Weston Electrical Inst. Corp 
FLASH & BURNING POINT 
TESTERS 
Akatos, Inc. 
Tagliabue Mfg. Co., C. J 
Taylor Instrument Co 
FLOW METERS 
American Meter Co 
Brown Instrument Co 
Foxboro Co. 
Meriam Co. 
FLUXMETERS 
Leeds & Northrup Co. 
Rawson Electrical Instr. Co 
FOLDING TESTER 
H. Z, Schniewind 
FREQUENCY METERS 
Indicating 
Jewell Electrical Instri ument ( 
Leeds & Northrup Co. 


Westinghouse Elec. & Mfg. Co 


Weston Elec. 
Controlling 
Leeds & Northrup Co 
Recording 
Bristol] Company 
Esterline-Angus Company 
Leeds & Northrup Co 
Standards 
General Radio Co. 
FUEL ot ch APPARATUS 
Burgess-Parr Co. 
FUEL FLOW INDICATOR 
Commercial Engg. Labs. 
GALVANOMETE 
Brown Instrument Co 
Charles Engelhard, Inc. 
General Radio Co. 


Inst. Corp. 


i 


Jewell Electrical Instrument Cx 


Leeds & Northrup Co. 
Rubicon Company 
Westinghouse Elec. 
Weston Electrical Inst. Corp 
GAS ANALYTICAL METERS 
Chemical 
American Meter Co. 
Tagliabue Mfg. Co., C. J 
Electrical 
Brown Instrument Co 
Charles Engelhard, Inc. 
Leeds & Northrup Co. 
GAS LEAK INDICATORS 
Taylor Instrument Companies 
GAS-METER 
American Meter Co 
Brown Instrument Co 
Foxboro Co. 
Meriam Co 
GASOMETERS 
American Meter Co 





& Mfg. Co 


) 


GAGE RODS 
lagliabue Mfg. Co., C. J 
GAGES 
—— Pressure 
srist 1 Company 
Br wl ae strument ( 
xx { 
Ma sriam Co 
lagliabue Mfg. Co., C. J 
Taylor Instrume nt Con 


pea ad 

Amplitying 

B Ames Cy 

Fe lod Products Corp 
Comparator 

B. C. Ames Co 

Federal Products Corp 
Cylinder 

B. C. Ames Co 

Federal Products Corp 
Depth 

RB. ¢ Ames ( 

Federal Products Corp 
Dial 

B. C. Ames C¢ 

Federal Products ( orp 

H. Z. Sc chniewind 
Differential Pressure 

American Meter Co 

Brown Instrument (x 

Foxboro Co, 

Meriam Co 

l'agliabue Mfg. Co., C 
Draft 

Bristol Com pany 

Brown Instrum nent Co 

Foxboro ( 

Meriam ( ‘0. 

lagliabue Mfg. Co., C. J 

lay Instrument Companies 
Drill 

3ausch & Lomb Opt 
Grinding 


Federal Prod 
Liquid Level 

sristol Company 

Posie Instrument Co 

i xDoro Lo 

8 & Northrup C 

Mer iam Co 

lagliabue Mfg. Co., C. J 

Taylor Ir strument ¢ ( 
Loss of Head 

Brown Instrument Co 

Foxboro Co. 

Meriam Co. 
Pitch Diameter 

Federal Products Corp 


ucts Corp 


mpanies 


Pressure 
ae nerican Meter ( oO 





be is & Ni wthrup Co 
Meriam Co, 

lagliabue Mfg. Co., 
Taylor Instrum 





it Companies 
i oi an coat 





oe | Con pany 

Brown In strume nt Co 
Leed orthrup ( 
lagliabue Mfg. Co., C. J 


laylor Instrumer 
Pressure & Vacuum 
sristol Company 
Brown Instrument C 
Charles Engelhard, Inc. 


t Cos 


yue Mfg. Co., C. J 
laylor Instrument Companies 





Bausch & Lomb Optica! Co. 
Rain 
Taylor Instrument Companies 
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The Effect of Glare on the Brightness Difference Threshold. Department of Scientif 
Resear f P r} : 

















I 8 64 page 
) el eer Is tl 
B I i iit W succe ] 
¢ f f ¢ e ava I resent techr 
ntribut tot O m por ta t of ire, the reduction in ability t 
‘ 1 vlare t eneral b 
' } tion 
p tir tions such a 
reet light minat tor r he llights. et The results of some 15,0001 
r f h reduction in ability to see prod 
( a \ mple ed I 
aia 1 Tal of the 
' I f the rf t 
t t ne I 
, th P é th e put 
} 1 \ ft glare fo i 
t i t pre t t 
firt The followings t of the 
‘ P I I The O il ( litio Description of A 
Subj ( ( ( S I Part II. Introd oO I 
r G il T ( , Sur ur Pa II] Int I 
( c | 1 P Dit ns 


CHEMICAL ANALYSIS & APPARATUS 


The Temperature Coefficient of the Synthesis of Hydrogen Chloride by Light and by Alp} 
N Lobert ngst Jc rnal An 1 (her l { I 


tion. S. C. Lin Liv \merica il Socie I 
94.5-000S 
I t f HCI i t 
ts which are ent wit t nits of experimental error rhe apparatu 
1 Bunser Roscoe actit ter r to that employed by Porter, B 
Ibid. 48, 2603 (1926)—M. E. H 


Hydrogen Peroxide. VII. The Dielectric Constants, Refractive Indices and Ionizing P 
Hydrogen Peroxide and Its Aqueous Solutions \. C. Cuthbert & O. Ma 
\ 17 | ‘ ” t ‘ 1 ‘ 


Amer! ™~ I t 1LO30. p 180-499 
The dielectr nstants and the retractive ine ( for lrogen peroxide at 
vere measurt \ method described tor me r elect! onductance n 
ind its solutions.—M. E. H 
The Relative Rates of Absorption of the Gaseous Olefins into Sulfuric Acid at 25 Degrees 
S. Davis & Reuben $ r. Jour American Chemical Society, Feb. 1930 
Mea rements have bee rried out n the rate t absorption ot olefin gases 
at mstant volume |! | ving the nge in the pre ire with t ( \pparat 


A Method for the Determination of Uronic Acids Allan D. Dickson, Henry Ott 
Paul Link Jourr \met in ¢ el LL OF ( I § 7$ 


l be 1930, page (40-4049 
An apparat ind 1 tho modificat f the Lefévre-Tollens method, for 
terminati tour ls | le rbox tio vit HC] p. gr. 1.06 ire giver 
Study in Auto-Oxidation Reactions. [. Ox t f Anet et Nicholas A. M 
Amer ( ¢ Socit Fel 930, page 739-7 
An improved metho 1 ipparat re described for the determination of 


M. E. H 
The Composition 
Wa t I I I 


) S t P 


of Constant Boi 


ling Hydrochloric Acid at Pressures of 50 to 1220 Mi 
Tit Journal Amer n Chet l r I 


( 
i 633-635 


id 12201 





acid 1 } puted fr le t t 25 degree ] e of t 1 i pr 
i aa MI I i 
ts of Water at Various Temperatures. A. C. Cuthbert 


The Dielectric Constan 


( Si I 1930 {83-489 
enlrvitr t f electr ce ari 1 le la end effects are elit 
" f , I | a ts « 
! \ i 25 Th r const 
\ 0 | [ | i t po ) 
isurement ASE M. I H 


Photochemical Studies. X. The Electronic and Photochemical Decompositions of Pot 
Chlorate John G. M r & W. Albert } ‘ Jr Journal American Cher 


I |} 1430 page 2 4 3.9 





itive M. E. H 


Potentiometric Titratiohs of Phosphates, Arsenates and Arsenites With Silver Nitrate 
rd, Frances Roberts Lamb & W. Edward Spicer. Journal American Chemica 


Ro 





5S3-5S8S 


Use has been made of a lary titration with NaOH to ma 


A Recording Control and Alarm Instrument of Many Uses (I 
Kontro \lar 1et Elektrotechnische Zeitschrift 
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pha Rad 


Aillimeter 





Diet 
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INSTRUMENTS 


—_—$—$——— 


Recording 
Distance 
Bristol Company 
Brown Instrument Co. 
Eeterline-Angus Company 
mn 
.* thwark Fdry. & Mach. Co 
Thickness 
B. C. Ames Co. 
Es sterline- Angus Company 
H. Z. Sehniewind 
Volume ’ 
American Meter Co. 
Brown Instrument Co. 
Foxboro Co. 
Meriam Co. 
Water Level for Boilers 
Bristol Company 
Brown Instrument Co 
} oxboro Co. 
Wind 
Brown Instrument Co. 
Taylor Instrument Companies 
GEOPHYSICAL INSTRUMENTS 
Akatos, Inc. 
GOVERNORS 
Laboratory Dry & Wet Gas 
American Meter Co. 
Pressure 
Bristol Company 
Brown Instrument Co. 
Leeds & Northrup Co. 
Tagliabue Mfg. Co., C. J. 


Pump 
Tagliabue Mfg. Co., C. J. 
GLASS STRAIN TESTERS 
Akatos, Inc. 
— TESTING why RATUS 
liabue Mfg. Co., C. J 
GRO ND DETECTORS 
Leeds & Northrup Co. 
{ubicon Company 
Westinghouse Etec. & Mfg. Co. 
Weston Electric inst. Corp. 
GROUND-OHMER 
Leeds & Northrup Co. 
Herman H. Sticht & Company 
GYPSUM TESTING !NSTRU- 
MENTS 


H. Z. Schniewind 
HARDNESS TESTERS 
Akatos, Inc. 
H. Z. Schniewind 
Wilson-Maeulen Company, Inc. 
HARMONIC ANALYZERS 
Leeds & ar Co. 
HELIOSTATS 
Gaertner Scientific Corp 
HIGH FREQUENCY APPARATUS 
Argco Laboratories, Inc. 
HIGH VOLTAGE 
Indicators 
Argco Laboratories, Inc. 
Measuring Devices 
Westinghouse Elec. & Mfg. Co 
Testing Devices 
Westinghouse Elec. & Mfg. Co. 
HUMIDITY CONTROLLERS 
Bristol Company 
Charles Engelhard, Inc. 
Foxboro Co, 
HUMIDITY RECORDERS 
Wet & Dry Bulb Thermometers 
Bristol Company 
Brown Instrument Co. 
Foxboro Co, 
Leeds & Northrup Co. 
Tagliabue Mfg. Co., C. J. 
Taylor Instrument C ompanies 
HYDROGEN ION METERS 
Indicating 
Leeds t Northrup Co. 
Rubicon Company 
Controlling, Recordi 
Leeds & Northrup Co. 





HYDROMETERS 
Tagliabue Mfg. Co., C. J. 
Taylor Instrument Companies 
HYGROMETER 
Brown Instrument Co. 
Foxboro Co, 
H. Z. Schniewind 
Tagliabue Mfg. Co., C. J. 
Taylor Instrument Companies 
IMPACT HARDNESS TESTER 
H. Z. Schniewind 
IMPACT TESTING MACHINES 
Akatos, Inc. 
H. Z. Schniewind 
pm te | 
INDICATORS—See Gauges 
INDUCTANCES 
General Radio Co. 
Rubicon Company 
INSTRUMENT BOOKS 
Instruments Publishing Co. 


INSTRUMENT CALIBRATION 
AND REPAIRS 
Jewell Electrical Instrument Co. 
Rubicon Company 
INSTRUMENT TRANSFORMERS 
Jewll Electrical Instrument Co. 
Westinghouse Elec. & Mfg. Co. 
Weston Electrical Inst. Corp. 
INSULATION TESTING EQUIP- 
MENT 


Leeds & Northrup Co. 
tubicon Company 
Westinghouse Elec. & Mfg. Co. 
INTEGRAPHS & INTEGRATORS 
Leeds & Northrup Co. 
INTERFEROMETERS 
Gaertner Scientific Corp. 
JOB TIMING RECORDERS 
Stromberg Electric Co. 
KEYS AND SWITCHES 
General Radio Co. 
Leeds & Northrup Co. 
tubicon Company 
KILNBOY 
Foxboro Co. 
KILOVOLT AMPRERE METERS 
Esterline-Angus Company 
KLYDONOGRAPHS 
Westinghouse Elec. & Mfg. Co. 
LACTOMETERS 
Tagliabue Mfg. Co., C. J. 
LENGTH MEASURING 
MACHINES 
Gaertner Scientific Corp. 
H. Z. Schniewind 
LEVELS 
Centering 
Bausch & Lomb Optical Co 
Enginerr’s, Wye, Precision 
Prism 
Taylor Instrument Companies 


LIME TESTING INSTRUMENTS 


LOCOMOTIVE INDICATORS 
Lehmann & Michels 
LUSTER METERS 
Akatos, Inc. 
MAGNETOMETERS 
Rubicon Company 
MANOMETERS 
American Paulin System, Inc 
Brown Instrument Co 
Foxboro Co. 
Meriam Co. 
MASTER CLOCKS 
Gaertner Scientfiic Corp. 
Stromberg Electric Co. 
MEASUREMENT BOOKS 


Instrument Publishing Co. 


MEGOHMMETERS 
Leeds & Northrup Co. 
tubicon Company 
Herman H. Sticht and Company 
MEGOHM VOLTMETERS 
Jewell Electrical Instrument Co. 
Weston Electrical Inst. Corp. 


Pa 1p 


MELTING POINT APPARATUS 
Tagliabue Mfg. Co., C. J 
METER PROVERS, Gas 
American Meter Co 
METER TESTERS, Gas 
American Meter Co 
MICROMETERS 
Gaertner Scientific Corp 
H. Z. Schniewind 
MICROAMMETERS 
Jewell Electrical Instrument Co. 
Rawson Electrical Instrument Co. 
Weston Electrica) Inst. Corp. 
Wilson-Maeulen Company, Inc. 
MICROFARADMETERS 
General Radio Co 
Jewell Electrical Instrument Co, 
Leeds & Northrup Co. 
Rubicon Company 
Weston Electrical Inst. Corp 
MICRO PYROMETERS 
Akatos, Inc. 
MICROSCOPES 
Brinell 
reer h & Lomb Optical Co 
iaertner Scientific Corp 
i. Z. Schniewind 
Spencer Lens Co 
Metallographic 
Akatos, Inc. 
Bausch & Lomb 
Spencer Lens Co 
Petrographical 
Akatos, Inc. 
Bausch & Lomb Optical Co 
Spencer Lens Co. 
Toolmakers’ 
Bausch & Lomb Optical Co 
Gaertner Scientific Corp. 
Spencer Lens Co 
MICROTOMES 
Bausch & Lomb Optical Co 
Spencer Lens Co 
MILLIAMMETERS 
Charles Engelhard, Inc. 
General Radio Co. 
Jewell Electrical Instrument Co 
Rawson Electrical Instrument Co 
Weston Electrical Inst. Corp. 
Wilson-Maeulen Company, Inc 
MILLIVOLTMETERS 
Bristol Company 
Charles Engelhard, Inc. 
Jeweli Electrical Instrument Co 
Rawson Electrical Instrument Co 
layior Instrument C ompanies 
Weston Electrical Inst. Corp 
Wilson-Maeulen Company, Inc 
MOTOR RADIATOR VALVES 
Minneapolis-Honeywell Co 
MOTION RECORDERS 
Mechanical 
Bristol Company 
Foxboro Co. 
Lehmann & Michels 
MULTIMETERS 
Rawson Electrica] Instrument Co 
MULTIPLIERS 
Jewell Electrical Instrument Co 
Leeds & Northrup Co. 
Weston Electrical Inst. Corp. 
NEON FILLED TUBES 
Argco Laboratories, Inc. 
NEPHELOMETERS 
Akatos, Inc. 
OHM METERS 
General Radio Co. 
Jewell Electrical Instrument Co. 
Leeds & Northrup Co. 
Rawson Eiectrical Instrument Co 
Rubicon Company 
Herman H. Sticht and C ompany 
Weston Electrical Inst. Corp. 
OIL TESTING APPARATUS 
l'agliabue Mfg. Co., C. J. 
Taylor Instrument Companies 


Optical Co. 
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A Method for the Dete rmination of the True Acid Value of Oi ls, Varnishes s,L bal 1 Drie rsa 
_Dener & S i Prey S Amer Socie for 


1930 } 








ve eliminate i ra 
eta Ss e ( ititative 
‘ 1 vith t of a I refiux imp 
t zene mixt vith a juant f Lic id solution and 
1 tor. Tl ff i I $s titr r ] l f the oxalica 
t | t i I metl iffor i me letermining tl 
eta i 8) g1\ t ni nh ira of the method 


X-RAY TESTING & EXAMINATION 
Some New Mes riments on the Cc hemical Baocts of X-Rays and the oe Relation 
kk 





George Clark & I V. Picke Journal American Chem ociet é 
165 e. 
vestigate vith x-ra most es of ffective wave let im 
ianges, if an t i The 1 t sensitive reactions found ition 
fer a ta f . t +f . ries of aldel le-ket< ndensations. invest ted ¢ 
toch i Ot tems studied are KNOs3, KIO3-KNOs3, KI-KNOs3 





1930. 1 $31-454 





tons 4 200,000 volt direct current was used in making this inspection KR. H. P 


Precision Measurements of X- Ray Reflections from Crystal Amn J. Brent 





MICROSCOPY 
The Creation of a a ae es Objective. Instrument World, May 1930, pages 15-20 
Reprinted f1 I nical Instrument Bulletin. The design and construct 
A New Research Microscope. W. L. Pattersor Review of Scientific Instrument 
f 292 204 















C. A. Seylet PI il & Chemical Surve 
nt of Scientific & Industrial Research, 64 pas 
I on the 1 roscopical examination of coa 
V ve Ar f ot et! t preparing thin sections of coal for ex 
t t, but the report is chiefly concerned with the methods of, and the 
pous 1 1d ¢ I flat es t oal Ww n base ) 
pr t WwW ipp t i Wit 1odif | id d » 
sy its aid | tructure ve bec y lore numerous th 
pposed, and ther $ f I lvantage tl in be prepared in thr 
planes meeti t right gle l elected | ent, 1 h SSE 
pretation ructur l | ta " ot a e pl 
parat ‘ ul ‘ t rt ur W f » photog iy by v 
tion I echi side of vork I in acco of the cell structure 
1 of their various states of preservation, and of the identification of definite pla 


SPECIAL 
Making Precision Worm-wheels of Large Size O. G. Simm 





Jescribes a precision worm and wor wher iv 11 im angular movement 
second It is used asa precisi dexing dev for use ina gear cutting macl 
facture o omob ears R H P 
The Measurement of ‘Lubrication of Oil Die Messung r Schmierfaehigke 

band Materialp fun ler Te k. Be 








Methods and lnotrements to Tes st Aviation Photographic Devices (Einige Methode 
\ero—Lichtbildgeraeten) Hans Beck. Zeitschrift fuer Fe 


mente zur 












und iCZ S101 kK 
Methods and ribed Paper read before the Deutsche Gesellschaft f 
1 Optik 
An Optical Measuring Device for Model Aeroplane Propellers (Eine optische \ 
richtung f lode uftschrauben) Carl Ort. Messtechnik, April 1930, pages S 
rhe article riefl describes two devices for the mez ment of propellers: a dev 
a i I ywrding the propeller profile and a device for determining the numerica 
Care ‘and ‘Adjustment ee — Testers of the Schopper Type. Circular 379, U.S 
Stand 19 r 
I " f the imp ince of f is a criterion o » durability of pay 
keeping folding t f er type ll proper condit ion considera! 
n to their care and adjustment srief referen« e is made to a previous | 
lescribed a device designed to facilitate adjusting the tension on the spe 
h is a deadweight tester involving the use of a balanced bell-crank lever 





i é 
proved and has been adapted to the measurement of the friction of the rollers. I 


suring roller fri i 





ction is described, and a number of suggestions are made concerning t 
j ment of the folding tester. \ procedure is outlined for the periodic inspection 
ment of the tester. 
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INSTRUMENTS 





OPERATION RECORDERS 
Electrical 

Bristol] Company 

Brown Instrument Co. 
Foxboro Co. 
Leeds & Northrup Co. 
Tagliehbue Mfg. Co., C. J. 


ORIFICE METERS 
American Meter Co. 
Brown Instrument Co. 


Foxboro Co 
Meriam Co. 
ORSAT APPARATUS 


OSCILLOGRAPHS 
General Radio Co. ’ 
Westinghouse Elec. & Mfg. Co 
OXYGEN RECORDERS 
Charles Engelhard, Inc. 
Leeds & Northrup Co. 
Tagliabue Mfg. Co., C. J. 
PANTOGRAPHS 
Gaertner Scientific Corp. 
PERFORMANCE METER 
PERMEAMETERS 
Leeds & Northrup Co. 
Rubicon Company 


PAPER TESTING INSTRU- 
MENTS 


H. Z, Schniewind 
Spencer Lens Co. 

PERISCOPES 
Bausch & Lomb Optical Co 
Gaertner Scientific Corp. 

PHASE INDICATOR 
Westinghouse Elec. & Mfg. Co. 

PHASE SEQUENCE INDICATO 
Herman H. Sticht Co. 

PHOTO-ELECTRIC CELLS 
Argco Laboratories, Inc. 

PHOTOMETERS 
Akatos, Inc. 

American Meter Co. 

Gaertner Scientific Corp. 

Bausch & Lomb Optical Co. 

Leeds & Northrup Co. 
PHYSICAL TESTING MA- 

CHINES 

Lehmann & Michels 

H. Z. Schniewind 

Southwark Fdry. & Mach. Co. 

PITOT TUBE METER 
Brown Instrument Co. 
Foxboro Co. 

PLANIMETERS 

Automatic Flow Record 
Brown Instrument Co. 

Linear 
Brown Instrument Co. 
Lehmann & Michels 

Radiat 
American Meter Co. 

Bristol Company 
Foxboro Co, 

Square Root 
Foxboro Co. 

POLARISCOPES 
Akatos, Inc. 

Gaertner Scientific Corp. 

POSITION RECORDERS 
Bristol Company 
Esterline-Angus Company 
Foxboro Co. 

POTENTIAL DETECTORS 
Leeds & Northrup Co, 
Westinghouse Elec. & Mfg. Co. 

POTENTIOMETERS—Indicating 
Brown Instrument Co. 

Leeds & Northrup Co. 
Rubicon Company 

Recording & Controlling 

Leeds & Northrup Co. 


| POWER FACTOR METERS 


Esterline-Angus Company 


Jewell Electrical Instrument Co. 


Westinghouse Elec. & M fg. Co. 
Weston Eelectrical Inst. ( orp. 





POWER FACTOR REGULATORS 


Rubicon Company 
Westinghouse Elec. & Mfg. Co 
PRESSURE RECORDERS 
Esterline-Angus Company 
Foxboro Co. 
PRICESS TIMING AND SIG- 
NALING INSTRUMENTS 
Stromberg Electric Co. 
PROGRAM INSTRUMENTS 
Stromberg Electric Co. 
PROJECTION LANTERNS 
Bausch & Lomb Optical Co. 
Spencer Lens Co. 
PROTRACTOR 
Optical 
Bausch & Lomb Optical Co 
PSYCHROMETER 
Recording 
Bristol Company 
Foxboro Co. 
Leeds & Northrup Co. 
Tagliabue Mfg. Co., C. J 
Taylor Instrument Companies 
Sling 
Taylor Instrument Companies 
PYROMETERS 
Optical 
Leeds & Northrup Co 
Pyrometer Instrument Company 
Radiation 
Indicating 
Brown Instrument Co. 
Leeds & Northrup Co 
Pyrometer Instrument Company 
Taylor Instrument Companies 
Recording 
Brown Instrument Co. 
Leeds & Northrup Co. 
Taylor Instrument Companies 
Thermo-electric 
Immersion 
Bristol Company 
Brown Instrument Co. 
Charles Engelhard, Inc. 
Leeds & Northrup Co. 
Pyrometer Instrument Company 
Taylor Instrument Companies 
Wilson-Maeulen Company, Inc 
Indicating 
Bristol Company 
Brown Instrument Co 
Charles Engelhard, Inc. 
Leeds & Northrup Co. 
Taylor Instrument Companies 
Westinghouse Elec. & Mfg. Co 
Wilson-Maeulen Company, Inc 
Recording and Controiling 
Bristol Company 
Brown Instrument Co. 
Charles Engelhard, Inc. 
Leeds & Northrup Co. 
Taylor Instrument Companies 
Wilson-Maeulen Company, Inc 
Surface Contact 
Bristol Company 
Brown Instrument Co. 
Charles Engelhard, Inc. 
Leeds & Northrup Co. 
Pyrometer Instrument Company 
Taylor Instrument Companies 


RADIO ~~; Y OSCILLA- 


General Radio Company 
RADIO SET ANALYZERS 

General Radio Company 

Jewell Electrical Instrument Co. 

Weston Electrical Inst. Corp 


RADIO TUBE CHECKERS 


General Radio Company 
Jewell Electrical Instrument Co 
Weston Electrical Inst. Corp. 


RADIO TEST PANEL 


Jewell Electrical Instrument Co 
Weston Electrical Inst. Corp 


REFRACTOMETERS 


Akatos, Inc. 
Bausch & Lomb Optical Co 
Spencer Lens Co. 


REGULATORS—See Controls 
RELAYS 


General Radio Co. 
Jewell Electrical Instrument Co 
Leeds & Northrup Co. 
Westinghouse Elec. & Mfg. Co 
Weston Electrical Inst. Corp. 
REMOTE METERING EQUIP- 
MENT 


Bristol Company 

Brown Instrument Co 

Leeds & Northrup Co 

Westinghouse Elec. & Mfg. Co 
RESISTANCES—Evectricat 

General Radio Co. 

Leeds & Northrup Co 

Spencer Lens Co. 
RHEOSTATS 

General Radio Co. 

Rubicon Company 

Spencer Lens Co 
ROTOSCOPE 


Commercial Engg. Labs 


RUBBER TESTING INSTRU- 
MENTS 


H. Z. Schniewind 


SACCHARIMETERS 
Akatos, Inc. 
Bausch & Lomb Optical Co 
Spencer Lens Co. 
laylor Instrument Companies 
SACCHROMETERS 
lagliabue Mfg. Co., C. J 
SALINITY INDICATORS 
Rubicon Company 
SCALES 
Amthor Testing Instrument Co 
Gaertner Scientific Corp. 
H. Z. Schniewind 
SCRATCH HARDNESS TESTER 
SEISMOGRAPHS 
Akatos, Inc. 
SERVICE RECORDERS 
Esterline-Angus Company 
SHUNT METERS 
SHUNTS 
Esterline-Angus Company 
Jeweli Electrical Instrument Co 
Leeds & Northrup Co 
Rubicon Company 
Weston Electrical [nst. Corp 
SIGNALLING DEVICES —Auto- 
matic 
Brown Instrument Co 
Stromberg Electric Co. 
SLIDE RULES 
SOIL PRESSURE CELLS 
SPECIAL INSTRUMENTS 
Burgess-Parr Co. 
Meriam Co. 
H. Z. Schniewind 
SPECIAL ELECTRICAL IN- 
STRUMENTS 
3rown Instrument Co. 
Charles Engelhard, Inc. 
listerline-Angus Company 
General Radio Co. 
Jewell Electrical Instrument Co 
Leeds & Northrup Co, 
Rawson Electrical Instrument Co 
Rubicon Company 
Weston Electrical Inst. Corp 
SPECIAL RECORDING DEVICES 
Esterline-Angus Company 
SPECIFIC GRAVITY APPARATUS 
Gas, 
American Meter Co 
SPECTROGRAPHS 
Gaertner Scientific Corp. 
SPECTROSCOPES 
Akatoa, Inc. 
Jausch & Lomb Optical Co 
Gaertner Scientific Corp 
Spencer Lens Co 
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Pressure Measurements on Roll Bearings (Dr é in W nlagert Ort 
W ft Veroffent I Siemens-K VIII Ba 7 
] y. »g ] } 
| t | Rese iborat ‘ t Sie S it, Germar C¢ 
] Yi ril t 1 tion of the yndenser 1 
: p bearings of ro s in operat 
I t A.J. M 
An Electrical Pressure Measuring Device Based on the Condenser Micrometer. (1 
M m Prit les Kondensatormikrometer lans Gerdien. \W 
Ke t VIII Bar Zweit Heft 
R I t Siemen it. German ( 
device based upon the conde1 
I t C al] t of Y ipacity or 
| \ im tubs I 
’ } functic . 
Aap lirect current 
f ten fos 
: oN 
Lathe Cutting Pressure Measurements with an Electrical Device. (Schnittdruckm«e 
D t relektr n Me r W 1 Mauksct Wi haft 
s K n, VIII B Zweites Heft, J 22, 1929 
} t RR | it Siemenstadt, Germa Cor 
~ tT) tio! ) the 
I I } 
l \r llo iph Ss « 
\T 
Sagmeter for Transmission Lines I M. Hoefer I 
Zeit f \pr 17, 1930 7-5 
1 1 movable ile on tripod w 
0 f interse f th . 
( nt pe tiv j 
s4 tH) te ) ) T T tl in t ree 
I . ip t he d up and « tr 
New Gyroscopic Instrument Contributes to Safer Flying. ©. B. W ike rhe $ 
P » 1930 1 
B rt 
Application of the Photoelectric Cell to the Measurement of Small Displacements. J 
& K.G. Kr n, Lond I ni & Dut , ophi Magazine & Jour 
1930 8 2 
D t t rtoele t t« 1 
oe ey 
Procedure Used by the Forest Products Laboratory for Evaluating Paint Service on Wood 
srow reprint } 92, American Soci f esting iterials, June 23-27, 193¢ 
I thre exe ‘ ' P } ire fir l ippeal ice which me 
t t ler face and maintain ar bitrarily chosen color 
iY t ‘ at 
I oT ery 1€ n 
f ) B he 
f ‘ 
Ose ; rs serve 
I ( n fc t 
t ie KIT 1 
exes. sé 
The t f | i 1 
f . t nt [ ~ 
r tT i el ~~) t 
\ es ypted f rf 
for \ tl t rati n appearance nd the ag 
Hiding Power Measurements in Theory and Application. 94 
S ty for ting Materia June 23-27, 1930, 6 pag 
lrentat lefinitions for (1 i g power of a p a 
\ new “Black-and-Whit ryptometer, based « 
t I I t Wwe wers for 
i t \ pre sion ptometer, in\ i¢ ise ot 
Dp t been developed This device which is extremel ens 
fro i ve errors of the h an eye, yields precis results of hiding power 
A Practical Brush-Out Test for Hiding Power of Paints. H. A. Gardner, G. G. Sward & 
Prey t No. 96, Amer n Society for Testing Materials, June 23 1930, 4 pag 
rh Ly " lap il method of detert I power by actually br 
" " e of erboard linoleum ack and white blocks 
‘ Oo ‘ 1 with res the Pfund cryptome 
he br i ethod give gher resu ilts, however, retain the 
Friction Coefficients for Fabric Brake Lining. P. S. Caldwell. Journal Royal Ts 
] 19030 220-230 
In t paper experiments are ¢ ribed mp > the coefficient of friction w 
( t ig when | 1 fer is used i t brake lining and cast iron 
rake whet \ttention awn to the manner in which the coefficient of friction \ 
1e running spt Actual cl of temperature have not so far been sul 
ited t it the coet ent tt ti es what with t iperature 
| vere f t it constant speed, and the results 
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SPECTROPHOTOMETERS 
Akatos, Inc. 
Bausch & Lomb Optical Co. 
Gaertner Scientific Corp 


SPEED INDICATORS 
See Tachometers 


SPEED RECORDERS 
Esterline-Angus Company 


STANDARD CELLS 
Weston Electrical Inst. Corp. 


STEEL TAPES 


STOP WATCHES 
American Meter Co 


STRAIN GAUGE 
Southwark Fdry. & Mach. Co 


STRESS INDICATOR 


STROBOSCOPES 
Argceo Laboratories, Inc. 
Commercial Engg. Labs. 


SULPHUR DIOXIDE METERS 
Amwerlcan Meter Co. 
Charles Engelhard, Inc. 
Leeds & Northrup Co. 
Tagliabue Mfg. Co., C. J. 


SULPHUR DETERMINATION 
APPARATUS 
Burgess-Parr Co. 
Tagliabue Mfg. Co., C. J. 


SUNSHINE RECORDERS 
Charles Engelhard, Inc. 
Leeds & Northrup Co. 
Taylor Instrument Companies 


SUPERPRESSURE CATALYST 
EQUIPMENT 


SURGE RECORDERS 
Esterline-Angus Company 


SYNCHRONIZING FORKS— 
Electrical 
General Radio Co. 
Leeds & Northrup Co. 


TACHOSCOPES 
Brown Instrument Co. 


TACHOMETERS 

Amthor Testing Instrument Co. 

Bristol Company 

Srown Instrument Co. 

Esterline-Angus Company 

Foxboro Co, 

Jewell Electrical Instrument Co. 

Leeds & Northrup Co. 

Pyrometer Instrument Company 

H, Z, Schniewind 

Herman H, Sticht & Company 

Westinghouse Elec. & Mfg. Co. 

Weston Electrical Inst. Corp. 
TELESCOPES 

Bausch & Lomb Optical Co. 

Gaertner Scientific Corp. 
TENSILE TESTERS FOR P 
WIRE, SHEETS, ETC, _— 

Amthor Testing Instrument Co. 

H. Z. Schniewind 
TENSIOMETERS 

American Paulin System, Inc. 
TENSOMETER (Huggenberger) 

Southwark Fdry. & Mach. Co. 
TESTERS, Gas 

American Meter Co. 


TESTING MACHINE 


Universal 
H. Z. Schniewind 
Southwark Fdry. & Mach. Co. 


TEXTILE TESTING IN- 
STRUMENTS 


H. Z. Schniewind 
THEODOLITES 
THERMO-JUNCTIONS (Electric) 


General Radio Co. 
Rawson Electrical Instrument Co 


THERMOMETERS 


Gas Filled 

Bristol Company 

Brown Instrument Co. 

Foxboro Co. 

Tagliabue Mfg. Co., C, J. 

Taylor Instrument Companies 
Mechanical 

American Meter Co. 

Brown Instrument Co 

Foxboro Co. 

Tagliabue Mfg. Co. C. J 
Mercurial 

Tagliabue Mfg. Co., C. J. 

Taylor Instrument Companies 
Resistance 

Brown Instrument Co. 

Charles Engelhard, Inc. 

Leeds & Northrup Co 

Wilson-Maeulen Co., Inc. 
Vapor-Tension 

Bristol Company 

Browa Instrument Co. 

Foxboro Co. 

Tagliabue Mfg. Co., C. J 

Taylor Instrument Companies 
Wet & Dry Bulb 

Bristol Company 

Brown Instrument Co 

Charles Engelhard, Inc. 

Foxboro Co. 

Leeds & Northrup Co. 

Tagliabue Mfg. Co., C. J. 

Taylor Instrument Companies 


THERMOSTATS 
Bristol Company 
Brown Instrument Co. 
Charles Engelhard, Inc. 
Foxboro Co. 
Minneapolis-Honeywell Co. 
Taylor Instrument Companies 
Tagliabue Mfg. Co., C. J. 


TIME OPERATION RECORD- 
ERS 


Bristol Company 
Esterline-Angus Company 
Foxboro Co. 

Tagliabue Mfg. Co., C. J. 


TIME RECORDERS 
Bristol Company 
Brown Instrument Co. 
Esterline-Angus Company 
Gaertner Scientific Corp. 
Foxboro Co. 


TIME SWITCHES 
Westinghouse Elec. & Mfg. Co. 


TIME STAMPS—Automatic 
Stromberg Electric Co. 
TIME SYSTEMS—Electric 
Stromberg Electric Co. 


TIMERS 
Leeds & Northrup Co. 
tawson Elec, Inst. Co. 
Stromberg Electric Co. 


TINTOMETER 


TORSIOGRAPH 
Lehmann & Michels 


TRANSFORMERS 
Ksterline-Angus Company 
General Radio Co 

TRANSITS 

Engineer’s, Surveyors, Mine, 
Gaertner Scientific Corp. 

Pocket 
Taylor Instrument Companies 


TUNING FORKS—Electrically 
Driven 
General Radio Co. 
Gaertner Scientific Corp 
Rubicon Company 


“U" TUBE MANOMETERS 
Amthor Testing Instrument Co. 
Meriam Co, 


VACUUM RECORDERS 
Bristol Company 
Esterline-Angus Company 
Foxboro Co. 


VACUUM TUBE BRIDGES 
General Radio Company 


VALVES 


Automatic Shut Off 
Bristol Company 
Brown Instrument Co. 
Charles Engelhard, Inc 
Foxboro Co. 
Tagliabue Mfg. Co., C. Js 
Balanced 
Brown Instrument Co 
Foxboro Co. 


Diaphragm 
Bristol Company 
Foxboro Co. 
l'agliabue Mfg. Co., C. J. 
laylor Instrument Companies 


Electrically Operated 
Bristol] Company 
Brown Instrument Co 
Charles Engelhard, Inc 


Reducing 
lagliabue Mfg. Co., C. J 


Regulating 
Brown Instrument Co 
Charles Engelhard, Inc. 
Foxboro Co. 
Minneapolis Honeywell Co 
Tagliabue Mfg. Co., C. J 
laylor Instrument Companies 


Safety, Fuel Shut-off 
Minneapolis-Honey well Co 
lagliabue Mfg. Co., C. J 


VENTURI METERS 
Brown Instrument Co 
Foxboro Co. 


VIBROGRAPH 
Commercial Engg. Labs. 
Lehmann & Michels 


VIBROMETER—DAVEY 
Commercial Engg. Labs. 

VIBROSCOPE 
Commercial Engg. Labs. 


VISCOSIMETERS 
lagliabue Mfg. Co., C. J 
Taylor Instrument Companies 


VISCOSITY TUBES 


VOLTAGE DIVIDERS 
General Radio Co 
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The Grinding and Etching of Hollow Glassware (Die Bearbeitung von Hohlglass mit S 
\etzmitteln) Glass und Apparat, April 20, 1930, pages 73 May 4, 1930, pages S1-8 
18, 1930, page 90 
Practical experiences in the working of hollow glassware are given, especially applic 
production of lamp bul 
Technical Testing of Rust Protecting Paints (Beitrag zur technischen Pruefung von R 
farben) Friedr Hoepke Deutscher Verband fuer die Materialpruefungen der Te 
79, Nov. 1929 jeanne 
rhis report shows that with the aid of certain tests it is possible to obtain satisfact 
prod ble results These tests are considered io dea and the author points out the 


additiona! work along this line in order to set up uniform methods 


The Testing of Lubricating Oils (Die Pruefung der Schmiermittel) Deutscher Vert 
materialpruefungen der Technik, No. 80, March 1930, 26 pages 
Report of Committee 9 on uniform methods of testing. The following are considered 
specific gravity, cold test, mrlyinh poimmt and softening paint of greases, viscosity en 
water content, ash content, solid foreign matter neutralization and soap number 
Composition and Laboratory Testing of Paints for Boiler Interiors. (Wesen und laborat 
massige Pruefung von Kesselinnenanstrichmitteln). Hofer. Veroeffentlichungen de 
Verbandes der Preussischen Dampfkessel-Ueberwachungs-Vereine. Vol. VI, 1929, pa 
Boilers using water which is not treated can be painted on the inside to facilitate the re 








scale The 41 commercial paints examined consist of 3 groups: I Solutions of bituminous 1 
n hydrocarbons, and tar and oil residues, sometimes with the addition of gri ph ite, IIS 
f graphite in linseed oil, mineral oil and water containing organic colloids, and III Susp 
metallic oxides in linseed oil Typical analyses of each group are given but this is not suff 


ermine their usefulness. Elasticity of the film is tested by bending thin sheets coate 
ind rods of various diameters. Paints in group I and linseed oil suspensions of group 
tood this test very well, but not the water suspensions of graphite Stainless Steel t 
n boiling water twice for 10 hours and 





vated with paint were weighed and hung 











determined. In tests using water containing soda the linseed oil, paints saponify and 
1utions are given for applying paints with low flash points. Tests show that the heat 

not hindered by relatively thin coats of paint C.E.M 

The ‘‘Servis’”’ Recorder. Iron & Coal Trade Review, Supplement, Jan. 3, 1930, page II 
Recorder to « hec k the running and the standing time of a vehicle rhe record is 1 
ipphire-pointed stylus which scrapes a colored wax coating from the surface of a 24 } 

toy ght line ws Cy on er ven one when the vehicle is in moti I 
the Servis Recorders, Ltd., Eagle St. London, W. ¢ R. H 

A Stroboscopic Ripple Tank. William Baldwin,*Jr._, Review of Scientific Instruments, J 


pages 309-324 


A form of ripple tank is described in which the point source of waves is simply a 


veriodic air blasts directed downward onto the surface of the water ['wo or more su 











I t 
be used simultaneously and their positions are readily changed from place to place 
luction of rectilinear waves a pulsating linear vibrator is described. For the study an 
of water waves an adjustable stroboscope is used, which can either be driven in strict 
ind in any desi red phase relation with the air blasts, or slowly advanced in one dirt 
other Thus the wave images can be made to advance or retreat across the screen an 
any desired stage he series of photographs show some of the possil of the 
onstrating reflection, refraction, interference, and diffraction of waves 


— Limit of Grip Due to “med Fits and Its Increase by Coldworking. R. Russel & J 


urnal Ro ne al College, Jan 1930, pages 50-267 








als with the results of an experimental study of force fits omall ste 
| ised with increasing fit allowances The limit value of the longitudinal griy 
‘ lied, and it is shown that the grip is a maximum at the fit allowance rresp 
the ld point indicated by the strain energy criterion of failure. It is demonstrate 
possible to improve the grip after the yield point has been passed by merely employit 
illowances. The possibility of improving the grip by initial coldworking is examined, Co 
by excessive fit allowance is adopted. This increases the proof resilience and a greater grip 
without permanent set on refitting. Under all conditions the grip between the parts s« 
due to 2 recoverable elasticity of the material of the ring as represented and measur 
esidu fit allowance shown after withdrawal 


rst. Review of Scientific Instruments, June 19 





Glass Fibers for Reticules. D. L. Parkh 
329-331 
and micros« ope cross-wire systems are divided into four classes the ruled 
- metal fiber, spider threads and a new fiber of spun glass. The method of pro 
escribed, as well as its mounting and advantages 
The B. T H. Laboratories. H. Werren & A. E. Smith. Electrician Vol. 104, Apr. 11, 1930, p 
The General Laboratory of the B. T. H. Co. at Ru gby is briefly described. The laborat 
s two floors of a steel frame and brick building—W. H. B 
The Inse ensitivity and Personal Equator Errors of Optical Settings. J. Guild. Transact 
Society, Vol. 31, 1929 1930, No. 1, pages 1 
The p ape r contains the results of observations on the insensitivity, that is, mea 








idividual observations of a large series from the mean of the series, in the ¢ 
set on vertical object | s The influence of the following factors was inve 


le between cross-wires 3) Field brightness 4) 
de of the magnitude of the “‘personal equation 


CALCULATION 


Water-Flow Chart. Sydney C. Mifflen. Engineering & Mining Journal, Feb. 14, 1930 

4 chart is shown which is applicable to the flow of water through average cast iron 
iron pipes in fair interior condition. Knowing any 2 of the following factors I 
charge velocity, or feet head lost in friction per 1000 ft. lengths of pipe—a straight edge la 
the chart connecting the two known values will indicate the two unknown all on their re 

les. The nominal diameter of i pipe is not the exact internal diameter, and provision 
ide in the graduation of the diameter scale for diameters up to 12”. For greater diamet« 
rements are taken of the out id diameters and twice the wail ickness deducted 
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VOLT-AMMETERS 
rline-Angus Company 
ell Electrical Instrument Co. 
Westinghouse Elec. & Mfg. Co. 
eston Electrical Inst. Corp. 


VOLTMETERS 


Indicating 
General Radio Co. 
Jewell Electrical Instrument Co. 
Leeds & Northrup Co. 
Rawson Electrical Instrument Co 
Westinghouse Elec. & Mfg. Co. 
Weston Electrical Inst. Corp. 


Recording 
Bristol Company 
Esterline-Angus Company 
Leeds & Northrup Co. 
Westinghouse Elec. & Mfg. Co 

Thermionic, Oxide Rectifers 
General Radio Co. 

WATER METERS 
Foxboro Co 


WATER & SEDIMENT APPA- 
RATUS 


Tagliabue Mfg. Co., C. J. 
WATTHOUR METERS 
Westinghouse Elec. & Mfg. Co 


WATTMETERS 
Indicating 
Jewell Electrical Instrument Co 
Rawson Electrical Instrument Co. 
Westinghouse Elec. & Mfg. Co. 
Weston Electrical Inst. Corp. 
Recording 
Bristol Company 
Ksterline-Angus Company 
WAVEMETERS ]} 
General Radio Co. 
WAX MELTING APPARATUS 
lagliabue Mfg. Co., C. J 





= 





Ames Micrometer Gauges 
for speed and extreme accuracy 
For almost every testing and measuring re- 
quirement—Precision Instruments for laboratory 
















\ use — Upright Dial Gauges—Thickness Gauges 
a Dial Gauge Heads— Pocket Gauges — Com- 
parators — Densimeters — Lens Measures 
Halftonometers — Paper Gauges Rubber 


Gauges—Automotive Gauges. 


Send for complete 
information obout them 
B.C.AMES CO., Waltham, Mass. 
[Detroit Office, 902 Stephenson Bldg. 
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4 file card index will be a valuable asset. It is suggested that this index information be « 
mounted on cards, and filed in your desk or in a file box on top of your desk. You will! 


have within easy reach an index of instrument information of incalculable value. 








How Hair Sprincs ARE Map! 
HENRY SUGDEN, INSTRUMENTS, Vol. 3, No. 8, August, 1930, pages 48 
6 hgs 


Mett 


INSTRUMENT REPAIR AND STANDARDIZATION LABORATORY 
C. E. FRY, INSTRUMENTS, Vol. 3, No. 8, August, 


1930, pages 485-488, 1 fig 
} \ ‘ tr nd M f J 


{ 


MEASUREMENT OF AIR FLOW 
E. OWER, INSTRUMENTS, Vol. 3, No. 8, August, 1930, pages 489-499, 2 figs 


Char Vi 


| 

MEASUREMENTS—-INDUSTRIAL AND SCIENTIFIC 

DR. WALTER BLOCK, INSTRUMENTS, Vol. 3, Na. 8, August, 1930, pages 5 
7 hgs 


C} 


HANDBOOK OF INDUSTRIAL INSTRUMENTS 
M. F. BEHAR, INSTRUMENTS, Vol. 3, No. 8, August, 1930, pages 511-528 
Chapt I, Part 5 t ided Valve and damper apparatus 











81673 Telescope Support 


We manufacture a very complete line 
of Reading Telescopes in sizes from °,” 
to 1°4” aperture, with various adjustable 
mountings, different kinds of scales, etc. 


Catalog M-130 sent on request. 
THE GAERTNER SCIENTIFIC 
CORPORATION 


1201 Wrightwood Avenue Chicago, U. S. A. 


DE 
DIAL INDICATORS 


Comparators Fabric Gauges 
Amplifying Gauges Rubber Gauges 
Thickness Gauges Tap Comparator Gauges 
Depth Gauges Gear Toote Comparators 
Thread Lead Gauges Cutter Testing Gauges 
Pitch Diameter Gauges Internal and External 
Cylinder Gauges Grinding Gauges 
Paper Gauges 








Federal Products Corporation 
Providence, R. I. 
CHICAGO CLEVELAND DETROIT NEW YORK 








the above company, please mention INSTRUMENTS 











RECORDING 
THERMOMETER 


For Panel-Board Installations— 

lycos Flush-Mounted Recording 

Thermometers and Pressure Gauges 
Taylor /nstrument Companies 


For One, Tw Three Pens 
e, Two or Three Pens ROCHESTER, N. Y., U.S.A. 


Write for information CANADIANPLANT MANUFACTURING DISTRIBUTORS 
TYCOS BUILDING IN GREAT BRITAIN 
TORONTO SHORT & MASON. LTD., LONDON 


THE SIXTH SENSE OF INDUSTRY 


Tycos Te perature Instruments 


INDICATING RECORDING ~ CONTROLLING 














BRiEiS TOL 


Air Operated Controllers 


Below: Bristol's Double Service 
Distance Type Air Operated 


Pemperature Controller. 





Air Valve Cap 

Air Valve Ball 

Air Valve Seat 

Air Valve Spring 

Air Valve Pin 

Incoming Air Passage to 
Controller Valve Chamber 
Outgoing Air Passage to 
Diaphragm Motor Valve 


Feature Unique Air Valve Design 


Bristol’s Air Oper- As shown in the above illustration at simplicity of design 


ated Control Eaui (AA) the Air Valve Cap extends through 
oes war quip front of instrument case. To inspect : . 
ment has t hor- it is not necessary to take off the entire ready accessibility ol 
oughly proven its front cover of controller case: simply —jmportant operating 

f +1: unscrew the cap (A) or (A), and lift out 
dependability under — ' aegis é ; parts should partic- 

: <A air valve (2) to which spring (4) is at- 
all kinds of indus- tached. The valve seat (3) is then ex- ularly a ppeal te 
trial service condi- posed almost flush with front of case. those responsible for 

. . ‘ assemble, screw valve cap (1) into . 

- Ss ‘ > 7 pn “pr str » opera: 
tions. uitable again. The controller is im- instrument oj 
equipment can be mediately ready to operate—no further tion and mainten- 
furnished to auto- adjustments are necessary. In fact. ance. Espec ially as 

. no adjustment will be required regard- . 

i *s . - Seay . s . sign pertains 
_ ati ally control less of length of time the instrument uch de ifn |} " 
either temperature remains in service. to the so-call 
or pressure tem- **heart of the contro 


ruggedness, and the 





peratures up to system,”” i.e. the 
around 700°F.. and Controller Air Valv 
pressures up to 400 Pounds per illustrated in detail above. 
Square Inch. Installations have Due to the fact that this valve gov 
also been made to automatically erns the efficient operation of th 
control the element of time in con- whole control unit, its evident acce* 
nection with processes requiring sibility for inspection, cleaning 
several different operations. interchanging, or replacement w! 
Among other outstanding features be appreciated. 


THE BRISTOL COMPANY 


Waterbury. Conn. 


Boston Philadelphia Akron Chicago St. Louis San Francis 
New York Pittsburgh Detroit Birmingham Denver Los Angeles 





